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GROUND-WATER  RESOURCES  OF  THE  MIFFLINTOWN 
AND  LOYSVILLE  QUADRANGLES  IN  SOUTH-CENTRAL 

PENNSYLVANIA 

by 

Herbert  E.  Johnston 


ABSTRACT 

The  Loysville  and  Mifflintown  quadrangles  include  an  area  of 
about  460  square  miles  of  valley  and  ridge  terrain  in  south-central 
Pennsylvania.  This  area  is  underlain  by  strongly  folded  sedi- 
mentary rocks  that  consist  chiefly  of  sandstone,  siltstone,  shale, 
and  limestone  of  Ordovician,  Silurian,  and  Devonian  age* 

The  rocks  are  deeply  weathered  and  in  most  places  are  covered 
by  a mantle  of  unconsolidated  to  semiconsolidated  rock  residue 
(saprolite)  that  ranges  from  less  than  1 foot  to  about  50  feet  in 
thickness.  The  permeability  of  this  material  is  low,  but  its  high 
storage  is  an  important  aspect  in  the  hydrology  of  the  area.  Water- 
bearing openings  in  the  consolidated  bedrock,  which  are  chiefly 
fractures,  decrease  in  size  and  number  as  depth  increases.  Most 
drilled  wells  in  the  study  area  tap  no  more  than  two  or  three  signi- 
ficant water-bearing  openings  in  the  upper  100  feet  of  bedrock. 

Two  test  wells  were  drilled  on  fracture  traces,  one  in  the  calcare- 
ous shale  of  the  Wills  Creek  Formation  and  one  in  the  Tonoloway 
Formation.  Neither  well  penetrated  deeply  weathered  or  exten- 
sively fractured  rock,  as  have  wells  drilled  on  these  features  in 
carbonate  rocks  in  a nearby  area.  The  test  well  in  limestone  did 
penetrate  a solution  opening,  however,  and  the  1-hour  specific 
capacity  of  62  gpm  per  foot  (gallons  per  minute  per  foot  of  draw- 
down) was  the  highest  measured  during  this  study.  The  specific 
capacity  of  the  other  test  well  was  about  the  same  as  the  average 
for  wells  in  the  Wills  Creek  Formation. 

Yields  reported  for  more  than  500  wells  range  from  less  than  1 
gpm  (gallons  per  minute)  to  275  gpm;  the  median  yield  is  12  gpm. 
Fewer  than  5 percent  of  the  wells  were  reported  to  yield  more  than 
50  gpm,  and  fewer  than  3 percent  were  reported  to  yield  less  than  1 
gpm.  The  median  well  yields  for  individual  formations  and  mem- 
bers do  not  differ  greatly:  they  range  from  6 to  20  gpm.  Most  of  the 

‘The  geologic  nomenclature  In  this  report  is  that  of  the  Pennsylvania  Topographic  and 
Geologic  Survey  and  does  not  necessarily  coincide  with  that  of  the  u.S.  Geological  Survey. 
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yield  data  were  obtained  from  domestic  wells  that  were  drilled 
no  deeper  than  was  necessary  to  obtain  a yield  of  5 to  10  gpm. 
Most  of  these  wells  are  between  50  and  170  feet  deep;  their  median 
depth  is  88  feet.  i 

Short-term  (mostly  1-hour)  specific  capacities  determined  at  j 
low  pumping  rates  (generally  less  than  25  gpm)  for  79  wells,  are  ' 
relatively  low— indicating  that  the  average  permeability  of  the  j 
bedrock  is  low.  The  specific  capacities  ranged  from  less  than  0.1  | 
gpm  per  foot  to  62  gpm  per  foot,  but  the  median  value  was  only  < 
0.55  gpm  per  foot.  l 

Analysis  of  specific-capacity  data  by  frequency  distributions 
indicates  that  wells  in  calcareous  shale  and  limestone  of  Late 
Silurian  and  Early  Devonian  age  generally  exhibit  higher  specific 
capacities  than  do  wells  in  the  dominantly  noncalcareous  shales 
and  sandstones  of  other  geologic  periods.  Analysis  of  these  data 
with  regard  to  the  topographic  position  of  the  wells  indicates  that, 
for  a given  rock  type,  the  higher  specific  capacities  are  generally 
exhibited  by  the  wells  in  valleys.  The  specific  capacities  of  wells  in 
valleys,  for  any  given  frequency  of  occurrence,  are  about  double  f 
those  on  hillsides  and  hilltops.  This  indicates  that  the  permeability 
of  various  rock  types  tends  to  be  somewhat  higher  in  valleys  than 
on  hillsides  and  hilltops.  I 

Evaluation  of  reported-yield  data,  specific-capacity  data,  and 
borehole-flow  data  from  the  deepest  wells  inventoried  indicate  that 
the  principal  yielding  zones  generally  occur  above  a depth  of  about 
200  feet. 

Mapped  rock  units  were  assigned  to  one  of  three  general  cate- 
gories—good,  fair,  or  poor— according  to  their  estimated  potential 
for  yielding  water  to  wells.  Assignments  were  made  in  part  on  the 
basis  of  specific-capacity  data  and  in  part  on  topographic  and 
lithologic  considerations.  Units  of  good  yielding  potential  include 
the  interval  of  calcareous  shale  and  limestone  between  the  Wills 
Creek  and  the  Onondaga  Formations.  Units  of  fair  yielding  potential 
include  the  noncalcareous  shales,  sandstones,  and  interbedded 
sandstones  and  shales  that  overlie  and  underlie  the  calcareous  i 
units,  exclusive  of  the  units  that  underlie  the  crests  and  steep 
slopes  of  the  principal  ridges  and  mountains.  The  latter  are  con- 
sidered to  have  poor  yielding  potential.  Rock  units  having  the 
greatest  potential  are  the  Wills  Creek  and  Tonoloway  Formations,  j 
These  units  underlie  considerably  more  valley  area  than  other: 
calcareous  rock  units.  ) 

Water  from  calcareous  shales  and  limestones  generally  has  a 
dissolved-solids  content  of  200  to  300  mg/I  (milligrams  per  liter) 
and  the  water  is  generally  hard  to  very  hard.  Water  from  the  non- 
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calcareous  shales,  siltstone,  and  sandstones  generally  has  a total 
dissolved-solids  content  of  100  to  200  mg/I.  and  is  generally  soft 
to  moderately  hard. 

Locally,  the  Wills  Creek  and  Tonoloway  Formations  yield  water 
containing  excessive  concentrations  of  sulfate  hardness,  render- 
ing the  water  unfit  for  many  uses.  Iron  is  present  in  bothersome  or 
noticeable  amounts  in  water  from  several  wells  that  tap  non- 
calcareous  shales  and  sandstones.  Units  in  which  reports  of  iron 
were  common  include  the  Martinsburg,  Reedsville,  Marcellus,  and 
Mahantango  Formations.  Concentrations  of  iron  in  all  units  ranges 
from  0.1  to  2.6  mg/I.  Several  wells  in  the  black  shales  of  the  Martins- 
burg, Reedsville,  and  Marcellus  Formations,  and  a few  wells  in 
dark  shales  of  other  dominantly  nonclacareous  formations,  yield 
water  containing  bothersome  or  noticeable  amounts  of  hydrogen 
sulfide  gas. 

Hydrologic  conditions  exist  in  many  areas  that  may  result  in  the 
downward  movement  of  shallow  ground  water  into  wells  containing 
too  little  casing  or  casing  around  which  the  annular  space  is  in- 
adequately sealed.  Such  movement  may  result  in  bacterial  con- 
tamination of  wells  in  areas  of  closely  spaced  homes  that  are  served 
by  on-lot  sewage-disposal  systems.  It  is  recommended  that  wells 
be  cased  and  grouted  to  a depth  of  50  feet.  However,  even  this 
precaution  may  not  prevent  pollution  of  a well  if  polluted  water  is 
allowed  access  to  deep  zones  in  the  bedrock  through  faultily  con- 
structed wells  nearby. 

Use  of  ground  water  in  the  study  area  is  negligible  in  comparison 
to  the  available  supply.  The  average  use  of  ground  water  and  sur- 
face water  in  five  communites  served  by  public  distribution  sys- 
tems was  only  0.19  million  gallons  per  day  in  1964.  About  27  percent 
of  this  amount  was  obtained  from  wells. 

INTRODUCTION 

PURPOSE  OF  THIS  INVESTIGATION 

Little  information  is  available  concerning  the  ability  of  the  folded  sedi- 
mentary rocks  of  the  mountainous  region  of  central  and  south-central 
Pennsylvania  to  yield  water  to  wells.  This  study  was  undertaken  to  deter- 
mine the  water-yielding  potential  of  more  than  20  formations  in  the  Loys- 
ville  and  Mifflintown  quadrangles  (Fig.  1)  and  to  evaluate  the  relationships 
of  factors  such  as  topographic  position,  rock  type  and  structure,  and  depth 
of  aquifer  penetration  on  the  yield  of  wells.  From  these  relationships  it  was 
expected  that  criteria  could  be  established  for  drilling  wells  to  optimum 
depths  in  areas  where  the  chances  of  obtaining  above-average  yields  are 
most  favorable. 
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PROVINCE  RIDGE 

PROVINCE 

Figure  1.  Map  of  Pennsylvania  showing  the  location  and  the 
physiographic  divisions  in  the  area  of  the  Mifflintown 
(A)  and  Loysville  (B)  quadrangles. 

The  study  area  was  selected  because  most  of  the  formations  that  underlie 
the  study  area  are  present  throughout  much  of  the  mountainous  section  of 
central  and  south-central  Pennsylvania,  so  that  the  results  obtained  will  be 
applicable  over  a much  larger  area,  and  because  recent  detailed  geologic 
mapping  was  available. 

The  investigation  was  done  as  part  of  the  continuing  study  of  ground- 
water  resources  in  Pennsylvania  that  is  being  made  by  the  U.S.  Geological 
Survey  in  cooperation  with  the  Pennsylvania  Topographic  and  Geologic 
Survey. 


METHODS  OF  INVESTIGATION 

Information  for  more  than  600  wells,  most  of  which  were  drilled  for 
domestic  purposes,  was  obtained  chiefly  from  drillers’  records.  These  data 
were  supplemented  by  71  short-term  (generally  1-hour)  pumping  tests, 
which  were  used  to  determine  the  specific  capacities  of  the  wells.  Pumping 
rates  for  these  tests  ranged  from  3 to  25  gpm. 

Two  test  wells  were  drilled  on  fracture  traces — linear  land-surface  fea- 
tures visible,  primarily,  on  areal  photographs — to  evaluate  the  potential 
of  such  features  as  a prospecting  tool  for  ground  water.  Also  fracture-trace 
orientations  were  compared  with  joint  orientations  in  the  Loysville  quad- 
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rangle  to  determine  if  these  features  were  related  to  the  joint  systems  visible 
in  outcrops  of  the  bedrock. 

Brine-tracing  methods  were  used  to  determine  the  rate  and  direction 
of  borehole  flow  under  both  pumping  and  nonpumping  conditions  in  selected 
wells,  in  an  attempt  to  determine  the  depth  and  contribution  of  yielding 
zones.  Brine  slugs  were  introduced  into  the  wells  at  known  depths  with  a 
small-diameter  plastic  tube,  and  their  direction  and  rate  of  movement  were 
determined  by  means  of  a depth-calibrated  fluid-resistivity  sonde,  suspended 
on  a cable,  and  a stop  watch. 

Water-level  measurements  were  made  in  several  wells  with  automatic 
water-level  recorders,  to  determine  the  magnitude  of  water-level  fluctuations 
that  occur  in  response  to  climatic  conditions. 

Samples  were  collected  from  21  wells  for  complete  chemical  analysis, 
and  from  22  additional  wells  for  determination  of  nitrate  and  chloride. 
Field  determinations  of  hardness  and  specific  conductance  were  made  at 
more  than  300  wells,  and  field  determinations  of  iron  were  made  at  41  wells. 

Water  samples  from  22  wells  were  analyzed  by  the  membrane  filter 
technique  for  coliform  bacteria. 

PREVIOUS  INVESTIGATIONS 

The  geologic  base  maps  for  this  study  were  prepared  by  the  Pennsylvania 
Topographic  and  Geologic  Survey.  The  Loysville  quadrangle  was  mapped 
by  Miller  (1961),  and  the  Mifflintown  quadrangle  was  mapped  by  Conlin 
and  Hoskins  (1962). 

The  hydrology  of  the  study  area  was  covered  as  part  of  a reconnaissance 
study  of  ground-water  resources  in  south-central  Pennsylvania  by  Lohman 
(1938),  and  as  part  of  a reconnaissance  study  of  the  ground-water  resources 
of  the  Susquehanna  River  basin  by  Seaber  and  Hollyday  (1965,  1966). 

Streamflow,  precipitation,  and  water  quality  data  have  been  collected 
in  the  Bixler  Run  basin,  in  the  west-central  part  of  the  Loysville  quad- 
rangle since  1954.  The  data  are  being  collected  by  the  U.S.  Geological 
Survey  as  part  of  a study  to  evaluate  the  sediment-yielding  characteristics  of 
a stream  draining  an  intensely  farmed  area  undergoing  little  cultural 
change. 


WELL-NUMBERING  SYSTEMS 

Two  well-numbering  systems  are  used  in  this  report.  They  consist  of  a 
county  system  and  a latitude  and  longitude  location  system. 

Under  the  county  system  the  wells  are  numbered  consecutively  in  each 
county.  Under  the  latitude  and  longitude  system  a well  is  assigned  a num- 
ber that  locates  it  within  a 1 -minute  grid  on  the  hydrologic  maps  (Plates  1 
and  2).  The  location  number  consists  of  two  three-digit  segments  separated 
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by  a hyphen;  the  first  segment  is  composed  of  the  last  digit  of  the  degree 
and  the  two  digits  of  the  minutes  that  define  the  latitude  on  the  south  side  of  a 
1 -minute  quadrangle;  the°second  segment  is  composed  of  the  last  digit  of 
the  degree  and  two  digits  of  the  minutes  that  define  the  longitude  on  the 
east  side  of  the  same  1 -minute  quadrangle.  Both  numbering  systems  are 
illustrated  in  Figure  2. 

The  first  segment  of  the  location  number  may  be  used  to  identify  the 
15-minute  quadrangle  in  which  the  well  is  located.  Location  numbers 
beginning  with  015  to  029  (40°15'  to  40°29')  identify  wells  in  the  Loysville 
quadrangle.  Location  numbers  beginning  with  030  to  044  (40°30'  to  40°44') 
identify  wells  in  the  Mifflintown  quadrangle. 

TOPOGRAPHY  AND  DRAINAGE 

The  study  area  lies  mainly  in  the  Appalachian  Mountain  Section  of  the 
Valley  and  Ridge  Physiographic  Province.  A small  part  of  the  Loysville 
quadrangle,  south  of  Blue  Mountain,  is  in  the  Great  Valley  Section  of  the 
province  (Fig.  1).  The  topography  is  characterized  by  a prominent  north- 
east-southwest alignment  of  a succession  of  narrow,  steep-sided  ridges  and 
valleys. 

Bottoms  of  the  principal  valleys  are  generally  between  the  altitudes  of 
400  and  700  feet,  and  the  crests  of  the  highest  ridges  are  generally  between 
1,500  and  2,000  feet.  Relief  between  ridge  crests  and  adjacent  valley  bottoms 
is  greater  than  1,500  feet  in  several  areas  and  is  commonly  greater  than  300 
feet.  The  highest  point  in  the  area,  at  an  altitude  of  about  2,255  feet,  is  on 
Thick  Mountain,  in  the  northwest  corner  of  the  Mifflintown  quadrangle. 
The  lowest  point,  at  just  under  420  feet,  is  where  the  Juniata  River  leaves 
the  Mifflintown  quadrangle. 

About  half  of  the  study  area  is  mountainous  or  hilly  woodland,  forested 
chiefly  with  deciduous  trees.  The  area  is  well  drained  by  an  extensive  net- 
work of  streams  that  comprise  part  of  the  Susquehanna  River  drainage 
system.  There  are  few  marshy  areas  and  no  natural  lakes  or  ponds.  Several 
farm  ponds  and  a few  small  stream  impoundments  have  been  constructed 
within  the  study  area  but  their  collective  affect  on  the  drainage  is  negligible. 

Most  of  the  southern  half  of  the  Loysville  quadrangle  is  drained  by  Sher- 
man Creek,  which  empties  into  the  Susquehanna  River.  Most  of  the  re- 
mainder of  the  quadrangle,  and  nearly  all  of  the  area  included  in  the  Mifflin- 
town quadrangle,  is  drained  by  the  Juniata  River,  a major  tributary  of  the 
Susquehanna  River. 

Many  small  headwater  streams  flow  northwestward  and  southeastward 
off  the  mountains  and  ridges,  emptying  into  larger  streams  that  flow  in  the 
major  valleys.  Gradients  of  streams  flowing  off  the  principal  ridges  are  com- 
monly 200  feet  per  mile,  or  greater.  These  streams  generally  cease  flowing, 
or  flow  only  a small  amount,  during  the  middle  or  latter  part  of  the  growing 


INTRODUCTION  7 

^7°30'  25'  20'  77°I5' 


Figure  2.  Sketch  showing  well-numbering  systems. 
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season.  Streams  flowing  in  the  major  valleys  have  gradients  of  50  feet  per 
mile,  or  more,  throughout  much  of  their  extent.  The  lowest  gradients  are 
those  of  Sherman  Creek  and  the  Juniata  River.  Sherman  Creek  has  a 
gradient  of  about  8 feet  per  mile,  and  the  Juniata  River  has  a gradient  of 
about  2 feet  per  mile. 


CLIMATE 

The  climate  of  the  Loysville  and  Mifflintown  quadrangles  is  humid  and 
is  characterized  by  warm  summers  and  cool  winters.  Precipitation  records 
given  in  Table  1,  for  stations  near  the  northern,  southern,  eastern,  and 
western  boundaries  of  the  study  area,  indicate  that  the  average  annual 
precipitation  on  this  area  is  about  41  inches. 

Precipitation  at  these  stations  has  ranged  from  26  to  62  inches  per  year; 
however,  distribution  of  precipitation  is  commonly  fairly  even  throughout 
most  of  the  year.  During  the  months  of  December,  January,  and  February, 
when  much  of  the  precipitation  is  in  the  form  of  snow,  precipitation  averages 
less  than  3 inches  per  month,  as  compared  to  averages  of  3 to  4 inches  for 
all  other  months. 

During  the  winter  months,  storm  systems  are  generally  widespread  and 
result  in  a rather  uniform  distribution  of  precipitation  over  the  area.  During 
the  summer  months,  most  of  the  precipitation  occurs  as  rainfall  that,  be- 
cause of  topographic  effects,  is  often  unequally  distributed  on  the  area. 
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GEOLOGY 

The  geology  of  the  Loysville  and  Mifflintown  quadrangles  has  been 
described  in  detail  in  reports  by  Miller  (1961)  and  by  Conlin  and  Hoskins 
(1962),  respectively.  The  geologic  maps  accompanying  their  reports  were 
used  as  the  geologic  base  maps  for  this  investigation.  Descriptions  of  in- 
dividual formations  and  members  are  given  in  Table  2 and  in  the  map 
explanations  on  Plates  1 and  2. 


Table  1— Average  monthly  and  annual  precipitation  at  stations  near  the  Loysville  and  Miff  I intown  quadrangles 

(Data  from  U.S.  Weather  Bureau  records) 


GEOLOGY 


2 

c 

c 


< 


-C 

0 


u 

o 


a 

V 

c/2 


u 

o 

-Q 

C 

4^ 


o 

00 

m 

rg 

00 

CT' 

CO 

rO 

00 

fO 

m 

CO 

r- 

un 

o 

O' 

m 

o 

rO 

CN 

cO 

00 

(N 

CN 

r- 

o 

m 

rj 

fO 

cO 

CO 

cO 

CO 

o 

to 

Tj- 

cO 

fO 

CO 

CO 

00 

o 

CO 

CO 

CO 

00 

o 

rO 

fO 

(M 

CO 

-c 

c 

X 

c 

5 


tA 

lO 

LO 

CO 

bc 

CN 

00 

O 

T-^ 

< 

cO 

CO 

>s 

CO 

c^ 

lO 

o 

cO 

Tf 

o 

CN 

00 

c 

cO 

o 

o 

r- 

3 

cO 

CO 

00 

00 

O' 

X 

00 

CO 

o 

rO 

Tt 

Tj- 

— 

nO 

r-- 

o 

u< 

a 

O 

00 

cO 

lO 

< 

Tj- 

cO 

CO 

rO 

"u 

CO 

lO 

lO 

u 

X 

o 

o 

CO 

uO 

>^ 

u 

CO 

CO 

fO 

cO 

C3 

o 

o 

O- 

c 

c^ 

o 

cO 

rg 

(N 

04 

04 

>. 

X 

rj 

o 

r- 

CO 

CO 

c 

“C 

u 

0 

o 

rt 

04 

04 

04 

o 

nO 

CO 

T 

o ^ 


0 

c^ 

1 

CN 

c 

Q 

O' 

u 

> 

CO 

00 

o 

lO 

u 

A 

cO 

> 

CN 

V 

t/5 

CO 

'X 

X 

0 

> 

t , 

Sec  Figure  7 for  location. 


Table  2. — Generalized  geologic  section  of  the  Loysville  and  Mifflintown  quadrangles 
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2. — Generalized  geologic  section  of  the  Loysville  and  Mifflintown  quadrangles — Continued 
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The  rocks  at  or  near  the  surface  in  the  Loysville  and  Mifflintown  quad- 
rangles are  part  of  a thick  sequence  of  layered  sedimentary  rocks  consisting 
chiefly  of  sandstone,  siltstone,  shale,  and  limestone.  They  consist  essentially 
of  two  thick  sequences  of  predominantly  noncalcareous  rock  units  separated 
by  a thick  sequence  of  calcareous  rock  units.  These  rocks  were  deposited 
more  or  less  continuously  during  the  Ordovician,  Silurian,  and  Devonian 
Periods  of  the  Paleozoic  Era.  The  Ordovician,  Silurian,  and  Devonian 
Periods  cover  an  interval  of  175  million  years  that  began  about  430  millions 
years  ago  and  ended  about  255  millions  years  ago. 

The  oldest  rocks  in  the  study  area  are  the  limestones  of  the  Neahnont  and 
Salona  Formations,  which  are  of  Middle  Ordovician  age.  These  rocks  under- 
lie only  a very  small  area  in  the  northwest  corner  of  the  Mifflintown  quad- 
rangle, and,  therefore,  were  not  studied  as  part  of  this  investigation. 

Stratigraphically  overlying  these  units  is  a sequence  of  dominantly 
noncalcareous,  clastic  rocks  deposited  during  the  Late  Ordovician  and  Early 
and  Middle  Silurian  Epochs.  The  rock  units  of  Ordovician  age  include  the 
Martinsburg  and  Reedsville  Formations,  which  are  composed  chiefly  of 
shale  and  siltstone,  and  the  Bald  Eagle  and  Juniata  Formations,  which  are 
composed  chiefly  of  sandstone,  siltstone,  shale,  and  a small  amount  of  con- 
glomerate. Rock  units  of  Early  and  Middle  Silurian  age  include  the  Tus- 
carora  Formation,  a relatively  clean  quartzitic  sandstone;  the  Rose  Hill 
Formation,  which  consists  chiefly  of  siltstone  and  shale  with  a few  interbeds 
of  sandstone;  the  Mifflintown  Formation,  which  consists  of  quartzitic 
sandstone  and  interbedded  limestone  and  shale;  and  the  Bloomsburg 
Formation,  which  consists  chiefly  of  shale  and  siltstone  with  some  interbeded 
fine-grained  sandstone. 

This  dominantly  noncalcareous  sequence  was  followed  in  the  Late 
Silurian  and  Early  Devonian  Epochs  by  the  deposition  of  rocks  having  a 
moderately  to  strongly  calcareous  composition.  The  rock  units  in  this  strati- 
graphic interval  include  the  largely  calcareous  shale  and  siltstone  of  the 
Wills  Creek  Formation;  limestone  of  the  Tonoloway  and  Keyser  Forma- 
tions; limestone,  shale,  chert,  and  sandstone  of  the  Helderberg,  Oriskany, 
and  Old  Port  Formations  (units  mapped  in  the  Loysville  quadrangle  as 
the  Helderberg  and  Oriskany  Formations  were  mapped  in  the  Mifflintown 
quadrangle  as  the  Old  Port  Formation);  and  limestone  and  calcareous 
shale  of  the  Onondaga  Formation. 

These  calcareous  rocks  were  buried  during  Middle  and  Late  Devonian 
time  by  a thick  sequence  of  essentially  noncalcareous  rock  units  composed 
dominantly  of  interbedded  sandstone,  shale,  and  siltstone.  However,  the 
Marcellus  and  RusJi  Formations  contain  thick  units  composed  chiefly  of  shale 
and  siltstone,  and  the  Montebello  Formation  consists  chiefly  of  sandstone. 

Near  the  end  of  the  Paleozoic  Era,  the  long  period  of  subsidence  and 
concomitant  sedimentation  ended  in  the  area  and  the  sedimentary  layers 
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were  then  uplifted  and  subjected  to  forces  (the  Appalachian  Revolution  or 
Uplift)  that  produced  large  folds  and  some  rupturing  (faulting).  Subsequent 
erosion  sculptured  a series  of  northeast-southwest  trending  ridges  and  valleys 
that  are  closely  accordant  with  the  capability  of  the  rocks  to  resist  weathering. 
The  mountain  crests  are  underlain  chiefly  by  resistant  sandstone;  the  valleys 
are  underlain  by  less  resistant  limestone  and  soft  shales.  Units  of  intermedi- 
ate resistance  underlie  minor  ridges. 

Deep  burial  and  folding  of  the  rock  units  has  produced  rocks  that  are 
nearly  everywhere  tightly  cemented  and  compacted.  The  rocks  have  little 
primary  porosity  or  permeability.  Their  capacity  to  store  and  transmit 
water  is  related  to  the  degree  of  fracturing  and  the  degree  to  which  fractures 
have  been  enlarged  by  the  processes  of  weathering. 

Exposures  of  bedrock  are  sparse,  owing  to  the  deeply  weathered  zone  that 
persists  throughout  much  of  the  area.  In  many  areas  the  geologic  contacts 
were  determined  largely  on  the  basis  of  float  and  on  topographic  and  tonal 
features  that  are  visible  on  aerial  photographs.  Although  the  contacts  are 
reasonably  accurate,  considerable  caution  must  be  exercised  when  attempt- 
ing to  drill  from  one  unit  into  another  in  the  vicinity  of  a contact.  Because  of 
the  steep  dip  of  the  bedding  in  many  places,  relatively  small  differences  in 
well  placement  at  the  surface  may  result  in  substantial  differences  in  the 
depth  to  which  a well  must  be  drilled  in  order  to  penetrate  a given  unit. 

STRUCTURE 

Major  structural  features  of  the  Loysville  and  Mifflintown  quadrangles 
parallel  the  general  northeast-southwest  topographic  grain  of  the  folded 
Appalachian  region  of  Central  Pennsylvania.  Axes  of  the  major  folds  and 
faults  trend  N 55°-65°  E. 

Thick  competent  units,  such  as  the  sandstones  and  shales  of  the  Bald 
Eagle,  Juniata,  and  Tuscarora  Formations,  have  been  folded  into  broad, 
slightly  asymmetrical  folds  and  in  places  exhibit  small-scale  faulting.  Units 
such  as  the  Wills  Creek  and  Tonoloway  Formations,  which  are  composed 
of  many  thin  beds  of  shale,  siltstone,  and  limestone  of  varying  competency, 
tend  to  be  very  incompetent  as  a whole.  These  units  have  responded  to 
tectonic  stresses  by  complex  small-scale  folding  and  faulting,  especially 
along  the  crests  and  troughs  of  major  folds.  Similar  complex  folding  has 
developed  in  the  incompetent  shales  of  the  Martinsburg,  Reedsville,  Mar- 
cellus,  and  Rush  Formations.  Units  of  intermediate  competency  include  the 
Rose  Hill,  Bloomsburg,  Keyser,  and  Monetbello  Formations.  These  units 
are  relatively  thick  and  homogeneous  and  contain  few  crenulations  and 
complex  folds. 

Axial  planes  of  most  folds  dip  steeply,  usually  to  the  northwest.  None  of 
the  folds  are  overturned.  The  majority  of  the  folds  plunge  northeastward  in 
the  Loysville  quadrangle,  but  doubly  plunging  folds  are  common  in  the 
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Mifflintown  quadrangle.  The  plunge  of  the  folds  ranges  from  5°  to  22°  but 
is  generally  on  the  order  of  5°  to  10°. 

There  are  few  large-scale  faults  in  the  study  area,  but  there  are  many 
small-scale  faults  in  the  incompetent  shales  and  limestones.  Most  of  the 
mappable  faults  are  of  the  high-angle  (45°-90°)  type.  Small-scale  normal 
faults  occur  locally  in  tightly  folded  units  such  as  the  Wills  Creek  and  Tonolo- 
way  Formations. 

Bedding  dips  steeply  throughout  most  of  the  area.  Dips  of  less  than  20° 
occur  near  the  axes  of  folds,  but  generally  the  dip  exceeds  20°.  In  some  areas 
the  bedding  is  vertical,  and  in  many  areas  dips  of  more  than  50°  are  common. 

The  geologic  reports  of  the  Loysville  and  Mifflintown  quadrangles  do  not 
contain  descriptions  of  the  joints  in  the  bedrock.  However,  joint  data  from 
the  field  notes  of  the  authors  of  these  reports  were  made  available  by  the 
Pennsylvania  Geological  Survey.  These  data  are  summarized  in  the  following 
paragraphs,  so  that  the  general  trends  of  these  structures  may  be  compared 
with  those  of  fracture  traces  as  discissed  in  the  following  section.  The  data 
include  181  joint  measurements  for  the  Loysville  quadrangle  and  152  joint 
measurements  for  the  Mifflintown  quadrangle. 

The  data  indicate  that  the  rocks  are  systematically  jointed  and  that  the 
joints  have  two  markedly  preferred  orientations.  One  prominent  joint  set 
trends  N 50°-60°  E,  parallel  to  the  general  strike  of  the  bedding  and  parallel 
to  the  trend  of  the  major  structural  features  of  the  bedrock.  The  other 
prominent  set  trends  N 20°-40°  W,  or  at  nearly  right  angles  to  the  general 
strike  of  bedding.  Trends  of  joint  data  for  the  Loysville  quadrangle  are 
shown  in  Figure  3.  Trends  of  joint  data  for  the  Mifflintown  quadrangle  are 
nearly  identical. 


Figures.  Semi-circular  histogram  showing  orientation  of  181 
joints  in  the  Loysville  quadrangle. 
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Joints  that  strike  normal  to  the  strike  of  the  bedding  generally  dip  more 
steeply  than  those  that  strike  parallel  to  the  strike  of  the  bedding.  More 
than  60  percent  of  the  northwesterly  striking  joints  have  a dip  of  80°  or 
more,  and  more  than  80  percent  have  a dip  of  70°  or  more.  By  comparison, 
only  24  percent  of  the  northeasterly  striking  joints  have  a dip  of  80°  or 
more,  and  only  42  percent  have  a dip  of  70°  or  more. 

Joints  are  commonly  well  developed  in  competent  sandstone  or  limestone 
beds  that  are  interbedded  with  less  competent  beds  of  shale  and  siltstone. 
Generally,  only  one  or  two  joint  sets  are  well  developed,  but  three  well- 
developed  sets  occur  in  some  outcrops;  and  four  sets  are  present  in  a few 
outcrops. 

The  majority  of  the  joints  that  are  visible  in  outcrops  are  spaced  less  than 
1-foot  apart  and  commonly  are  no  more  than  a fraction  of  an  inch  wide. 
Joints  usually  are  more  widely  spaced  in  sandstones  and  limestones  than 
in  shales  and  siltstones.  The  majority  of  individual  joints  do  not  cross  bedding 
planes. 

Fracture  Traces 

Fracture  traces  are  natural  linear  features  that  are  visible  on  aerial  photo- 
graphs, and  are  believed  to  be  surface  expressions  of  fractures  in  the  under- 
lying bedrock.  These  features  were  examined  in  the  study  area  primarily  to 
determine  their  potential  as  a means  of  locating  zones  of  above-average 
permeability  in  the  bedrock. 

Lattman  (1958,  p.  569)  has  defined  fracture  traces  as  natural  linear 
features  consisting  of  topographic  (including  straight  stream  segments), 
vegetational,  or  soil-tonal  alignments,  which  are  visible  primarily  on  aerial 
photographs,  and  are  expressed  continuously  for  less  than  1 mile.  Similar 
features  that  are  expressed  continuously  for  at  least  1 mile,  and  continuously 
or  discontinuously  for  several  miles,  are  defined  as  lineaments. 

Fracture  traces  do  not  include  linear  features  that  are  obviously  related 
to  bedding,  striation,  foliation,  and  stratigraphic  contacts.  They  are  believed 
to  be  related  to  individual  joints,  zones  of  closely  spaced  joints,  or  small- 
scale  faults.  Lineaments,  some  of  which  are  50  miles  long,  are  thought  to 
be  surface  expressions  of  vertical  planes  deep  in  the  earth’s  crust.  Inasmuch 
as  these  features  remain  straight  over  irregular  topographic  surfaces,  they 
are  believed  to  be  steeply  inclined.  Traces  of  slightly  to  moderately  in- 
clined fractures  would  be  sinuous  in  areas  of  substantial  relief  and  probably 
would  not  be  recognized  as  fracture  traces  on  aerial  photographs. 

The  visibility  of  fracture  traces  and  lineaments  on  aerial  photographs  is 
commonly  attributed  to  differences  in  moisture  content  or  in  the  degree  of 
development  of  soils  along  linear  zones;  the  settling  of  soil  into  underlying 
fractures;  and  the  preferential  development  of  sinkholes,  gullies,  or  streams 
along  fractures  or  fracture  systems. 
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It  is  generally  diflicult  or  impossible  to  see  the  majority  of  these  linear 
features  on  the  ground,  although  parts  of  some  traces  may  be  identified  as 
aligned  topographic  depressions. 

Fracture  traces  were  identified  and  plotted  on  photographs  of  the  entire 
Loysville  quadrangle  and  parts  of  the  Mifflintown  quadrangle.  Plotting  was 
done  on  photographs  at  a scale  of  approximately  1:20,000,  first  with  the 
unaided  eye,  then  with  a stereoscopic  lens.  Using  a photographic  enlarger, 
projections  of  photographs  were  reduced  to  a scale  of  1 : 24,000  so  that  the 
fracture  traces  could  be  transferred  to  topographic  maps  of  the  same  scale. 
Few  fractures  were  plotted  in  forested  sections — which  include  more  than 
50  percent  of  the  Loysville  quadrangle — because  of  the  difficulty  in  dis- 
tinguishing the  numerous  wood-lot  lines  of  past  timbering  operations  from 
natural  linear  features.  Also,  few  traces  were  plotted  parallel  to  the  general 
northeast-southwest  strike  of  beding  because  of  the  possibility  of  mistaking 
bedding  traces  for  fracture  traces.  Only  the  most  conspicuous  linear  features 
were  plotted.  Most  of  the  plotted  features  were  identified  in  the  field  as  soil- 
tonal  alignments,  small-scale  linear  topographic  depressions,  or  a combina- 
tion of  the  two.  A few,  however,  were  drainage  tiles,  old  trails,  or  traces 
of  former  fence  rows.  When  using  photographic  linear  features  to  select 
well  sites,  care  should  be  taken  to  determine  that  they  are  not  man-made 
features. 

Azimuths  of  the  448  fracture  traces  plotted  on  aerial  photographs  of  the 
Loysville  quadrangle  were  determined  and  grouped  into  10-degree  classes. 
The  distribution  of  these  groupings  is  shown  in  the  semi-circular  histogram 
in  Figure  4.  The  fracture  traces  have  a very  pronounced  N 0°-10°  E trend 
and  a somewhat  less  pronounced  N 20°-30°  W.  trend. 
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Figure  4.  Semi-circular  histogram  showing  orientation  of  448 
fracture  traces  in  the  Loysville  quadrangle. 
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In  the  northern  half  of  the  New  Bloomfield  quadrangle,  which  adjoins 
the  Loysville  quadrangle  on  the  east,  Dyson  (1963,  p.  10)  observed  a similarly 
pronounced  north-northeast  trend  (N  10°-20°  E)  for  photographic  linear 
features  that  he  identified  as  solution  trenches.  These  occur  almost  exclusively 
in  the  Tonoloway  Formation  (limestone).  Approximately  50  miles  to  the 
northwest,  in  Centre  County,  Matzke  (1961)  also  observed  a very  pro- 
nounced northerly  trend  of  fracture  traces.  He  also  observed  a minor  east- 
west  trend,  which  was  not  found  in  the  Loysville  quadrangle. 

Fracture  traces  in  the  Loysville  quadrangle  and  in  western  Centre  County 
(Matzke,  1961)  commonly  extend  across  formational  contacts  and  faults. 
(See  Fig.  5.)  In  the  Loysville  quadrangle,  a few  traces  cross  as  many  as  6 or  7 
formational  contacts.  In  some  places,  traces  extend  continuously  across  beds 
of  limestone,  shale,  and  sandstone 

Fracture  traces  are  most  prominently  developed  in  the  calcareous  shales 
of  the  Wills  Creek  Formation  and  in  the  limestones  of  the  Tonoloway  and 
Keyser  Formations.  More  than  70  percent  of  the  fracture  traces  plotted  are 
in  these  three  units. 

Fracture-trace  and  joint  trends  are  similar  in  areas  of  gently  dipping 
sedimentary  rocks  (Lattman  and  Nickelson,  1958;  Hough,  1960;  Boyer 
and  McQueen,  1964),  but  one  or  more  of  the  dominant  trends  of  fracture 
traces  may  differ  from  those  of  the  joints  in  areas  of  folded  rocks  (Matske, 
1951;  Lattman  and  Matzke,  1961;  Meisler,  1963;  Trainer  and  Ellison, 
1967).  Disparities  between  fracture-trace  and  joint  trends  occur  also  in  the 
folded  rocks  of  the  Loysville  quadrangle,  as  can  be  seen  in  comparing  the 
histograms  in  Figures  3 and  4. 

Northwest  striking  joints  and  fracture  traces  show  fairly  close  agreement 
in  trends,  but  very  few  joint  trends  are  parallel  to  the  dominant  northerly 
trend  of  fracture  traces.  The  scarcity  of  fracture  traces  that  are  parallel  to 
the  dominant  northeast  joint  trend  has  already  been  explained,  at  least  in 
part,  from  the  author’s  effort  to  avoid  plotting  features  that  might  be  traces 
of  bedding. 

Test  Wells  On  Fracture  Traces 

Two  test  wells,  Ju-283  and  Pe-466,  were  drilled  on  fracture  traces  in 
shale  and  limestone  of  the  Tonoloway  and  Wills  Creek  Formations.  Neither 
well  penetrates  very  deeply  weathered  rock  or  rock  that  was  extensively 
fractured.  These  results  differed  from  those  obtained  in  several  wells  drilled 
on  fracture  traces  in  carbonate  rocks  in  Centre  County,  Pennsylvania. 
There,  Lattman  and  Parizek  (1964,  p.  89-90)  found  the  weathered  mantle 
generally  thicker  and  the  occurrence  of  cavernous  solution  openings  greater 
beneath  fracture  traces  than  beneath  interfracture-trace  areas.  They  attri- 
buted the  extensive  weathering  to  decomposition,  solution  and  removal  of 
rock  along  vertical  fracture  zones. 
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Well  Ju-283  was  drilled  on  a fracture  trace  in  argillaceous  limestone  of 
the  Tonoloway  Formation  at  Old  Port,  near  the  southern  edge  of  the  Mifflin- 
town  quadrangle.  The  well  is  near  the  end  of  the  fracture  trace,  which  is 
approximately  1,800  feet  long  and  is  in  the  center  of  a small  depression. 
(See  Fig.  5.)  The  well  is  375  feet  deep,  enters  solid  bedrock  at  a depth  of  12 
feet  and  penetrates  only  one  opening  more  than  a few  inches  wide.  The 
opening  is  between  the  depths  of  119  and  121  feet.  It  appeared  to  be  a 
solution  opening  in  a bed  containing  highly  soluble  gypsum,  as  the  water 
from  the  zone  had  an  exceptionally  high  sulfate  content — more  than  800 
mg/1  (milligrams  per  liter).  The  rock  penetrated  by  the  well  was  relatively 
soft,  but  firm,  and  showed  little  evidence  of  past  fracturing  and  subsequent 
healing. 


EXPLANATION 
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Figures.  Geologic  maps  of  the  Loysville  and  Port  Royal  areas 
showing  typical  examples  of  fracture  traces  and  loca- 
tions of  test  wells  drilled  on  two  traces. 
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Well  Pe-466,  was  drilled  on  a fracture  trace  in  soft,  calcareous  shale  of  the 
Wills  Creek  Formation,  approximately  one  mile  northeast  of  Loysville.  This 
well  is  also  near  the  end  of  the  fracture  trace  and  as  much  as  25  feet  from 
the  center  line  of  the  fracture  trace.  This  well  is  300  feet  deep,  enters  solid 
bedrock  at  a depth  of  24  feet,  and  penetrates  no  openings  more  than  a few 
inches  wide.  The  rock  penetrated  by  this  well  was  firm,  unfractured,  and 
showed  no  evidence  of  past  fracturing  and  subsequent  healing. 

The  lithologic  logs  of  the  two  test  wells  are  given  in  Table  3 and  their 
water-yielding  characteristics  are  discussed  in  the  section  on  the  hydrologic 
significance  of  fracture  traces. 

Fracture  traces  may  be  surface  expressions  of  vertical  planes  of  rock  weak- 
ness along  which  fracturing  and  weathering  (chiefly  solution)  have  been 
confined  primarily  to  the  more  competent  and  more  soluble  beds.  Thus, 
the  2-foot  solution  opening  in  well  Ju-283  may  be  a more  or  less  tubular 
opening  that  extends  along  a linear  fracture  zone  within  the  highly  soluble 
bed  that  was  penetrated  at  a depth  of  119  feet. 

The  absence  of  any  sizable  solution  cavities  or  fractures  in  well  Pe-466 
indicates  that  if  such  openings  extend  laterally  from  a vertical  fracture  in 
the  section  of  rock  penetrated  by  this  well  they  are  scarce  and  do  not  extend 
more  than  a few  feet  from  the  fracture  zones. 

HYDROLOGY 

The  continuous  circulation  of  water  from  the  oceans — to  the  atmosphere — 
to  land  areas  and  back  to  the  ocean,  occurring  over  and  beneath  the  land 
surface,  is  known  as  the  “hydrologic  cycle”.  The  part  that  moves  beneath 
the  surface  is  the  ground-water  phase  of  the  cycle,  the  phase  with  which 
this  report  is  concerned. 

Precipitation  is  the  phase  of  the  cycle  that  supplies  fresh  water  to  land 
areas,  and  is  the  source  of  all  the  naturally  occurring  surface  and  subsurface 
water  in  the  Loysville  and  Mifflintown  quadrangles.  The  41  inches  of  annual 
precipitation  on  the  study  area  is  equivalent  to  about  712  million  gallons 
per  square  mile.  It  is  estimated,  for  a period  of  many  years,  that  more  than 
half  of  this  amount  is  returned  to  the  atmosphere  by  the  process  of  evapora- 
tion and  transpiration,  collectively  termed  evapotranspiration.  Most  of  the 
remainder  either  runs  directly  overland  to  streams,  or  infiltrates  to  the 
water  table  and  percolates  very  slowly,  through  openings  in  the  rocks,  to 
nearby  streams. 

Direct  runoff  generally  is  discharged  from  drainage  basins  in  the  study 
area  within  a few  days.  Ground-water  flow,  however,  may  take  months  or 
even  years  to  travel  from  points  of  recharge  to  points  of  discharge  in  a stream 
or  other  surface-water  body.  Thus,  the  openings  in  subsurface  materials 
comprise  a reservoir  for  storing  water  and  serve  to  maintain  streamflow  by 
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Table  3— Logs  of  test  wells  Ju-283  and  Pe-466 
WELL  JU-283 


Depth 

Description*  (feet) 


Quaternctry  System 
Holocene  Series 

Grave],  alluvial,  yellowish-brown 0-12 

Silurian  System 
Upper  Series 

Tonoloway  Formation 

Shale,  moderately  calcareous,  light  olive-gray 12-20 

Siltstone,  moderately  calcareous,  olive-gray;  yield  zone  at  37  feet  (4.7 

gpm) 20-50 

Shale,  moderately  calcareous,  medium  gray,  platy;  one  piece  with 

calcite  crystals 50-55 

Siltstone,  moderately  calcareous,  olive-gray 55-72 

Shale,  moderately  calcareous,  olive-gray,  platy 72-75 

Shale,  slightly  calcareous,  medium-dark-gray,  very  platy 75-80 

Shale,  moderately  calcareous,  light-olive-gray,  slightly  platy,  a few 

pieces  contain  finely  disseminated  pyrite  or  marcasite 80-82 

Shale,  very  calcareous,  dark  gray,  and  siltstone,  moderately  calcareous, 

light-olive -gray;  yield  zone  at  90  feet  (14.5  gpm) 82-97 

Shale,  moderately  calcareous,  light-olive-gray;  some  limestone,  silty, 

light  gray,  very  fine-grained,  granular 97-105 

Shale,  slightly  calcareous,  medium-light-gray;  several  pieces  contain 

subhedral  calcite  crystals;  yield  zone  at  108  feet  (34  gpm) 105-110 

Shale,  noncalcareous,  dark  gray;  and  shale,  slightly  calcareous,  light- 

olive-gray 110-119 

Claystone,  noncalcareous,  very  soft;  tabular  rock  fragments  have  yellow, 
hematite-stained  surfaces;  solution  opening  approximately  2-feet 

wide  is  yield  zone  (124  gpm) : . . . . 119-121 

Shale,  calcareous,  medium-dark-gray;  several  pieces  of  vein  calcite 

(may  be  from  zone  above) 121-130 

Shale,  moderately  calcareous,  light-olive-gray;  yield  increased  at 

about  130  feet 130-135 

Limestone,  dark  gray 135-140 

Limestone,  medium-light-gray 140-145 

Limestone,  medium-dark-gray,  somewhat  platy 145-150 

Limestone,  medium-dark-gray,  platy,  hard 150-172 

Limestone,  argillaceous,  medium-gray,  platy 172-180 

Limestone,  argillaceous,  medium-gray,  platy;  and  siltstone,  calcareous, 
yellowish-gray;  some  limestone,  finely  laminated,  small  opening  at 

180  feet  is  yield  zone  (203  gpm) 180-197 

Limestone,  argillaceous,  medium-gray 197—205 

Limestone,  medium-dark-gray 205-230 

Siltstone,  noncalcareous  to  slightly  calcareous,  medium-light-gray  ....  230-235 

Limestone,  medium-light-gray 235-240 

Limestone,  argillaceous,  light-  to  medium-light-gray;  some  pieces  are 

finely  laminated 240-245 
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Table  3.— Logs  of  test  wells  Ju-283  and  Pe-466— Continued 
WELL  JU-283— Continued 


Depth 

Description*  (feet) 


Limestone,  medium-light-gray  to  dark  gray 245-275 

Limestone,  medium-gray;  some  pieces  show  fine  laminations 275-290 

Limestone,  argillaceous,  medium-light-gray,  somewhat  platy 290-295 

Siltstone,  moderately  calcareous,  mediurn-light-gray ; some  limestone, 

finely  laminated 295-300 

Limestone,  argillaceous,  light-olive-gray,  laminated 300-320 

Limestone,  medium-gray;  some  vein  calcite 320-330 

Limestone,  argillaceous,  medium-gray,  laminated,  platy 330-335 

Limestone,  laminated,  medium-gray 335-340 

Limestone,  medium-gray;  a few  pieces  are  laminated 340-345 

Limestone,  dark  gray 345-360 

Limestone,  dark  gray;  vein  calcite  abundant 360-366 

Limestone,  medium-dark-gray 366-370 

Limestone,  medium-light-gray 370-375 


WELL  PE-466 


Depth 

Description*  (feet) 


Silurian  System 
Upper  Series 

Wills  Creek  Formation 
Lower  Member 

Soil,  clayey,  dark-brown 0-5 

Soil,  clayey,  dark-brown;  some  fragments  of  shale,  brown 5-10 

Soil,  clayey,  dark-brown,  moist;  yield  zone  at  24  feet  (4  gpm) 15-24 

Shale,  grayish-green;  small  opening  at  30  feet 24-33 

Shale,  red;  and  shale,  mottled  red  and  green 33-45 

Shale,  grayish-red 45-50 

Shale,  grayish-green;  alternately  hard  and  soft 50-55 

Shale,  calcareous,  grayish-green 55-60 

Shale,  moderately  calcareous,  dark-gray 60-65 

Shale,  grayish-green 65-70 

Shale,  light-gray 70-72 

Shale,  calcareous,  light-brown 72-74 

Siltstone,  light-brown;  yield  zone  at  75  feet  (1  gpm) 74-76 

Limestone,  gray,  soft 76-80 

Shale,  slightly  calcareous,  light  gray 80-83 

Siltstone,  light-brown 83-85 

Shale,  slightly  calcareous,  light-gray 85-90 

Shale,  noncalcareous,  grayish-red 90-95 

Siltstone,  calcareous,  grayish-red 95-100 

Shale,  calcareous,  grayish-red 100-105 

Shale,  noncalcareous,  grayish-red 105-109 
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WELL  PE-466 — Continued 

Depth 

Description*  (feet) 


Shale,  calcareous,  dark-gray 109-115 

Shale,  noncalcareous,  light-grayish-green 115-125 

Shale,  noncalcareous,  light-grayish-green  and  dark  t^ray 125-130 

.Shale,  noncalcareous,  mottled  grayish-red  and  grayish-green;  yield 

zone  at  131  feet  (approx.  10  gptn) 130-135 

■Shale,  noncalcareous,  grayish-red  and  grayish-green 135  140 

■Shale,  noncalcareous,  grayish-red 140-145 

■Shale,  noncalcareous,  grayish-green,  hard;  yield  zone  at  145  feet  (15 

gpm) 145-150 

■Shale,  noncalcareous,  grayish-green  and  grayish-red 150-155 

■Shale,  noncalcareous,  grayish-red,  hard 155-165 

■Shale,  calcareous,  grayish-green;  some  limestone,  gray 165-170 

Limestone,  dark-gray,  hard 170-180 

Shale,  noncalcareous,  grayish-green 180-185 

Shale,  noncalcareous,  grayish-red 185-193 

Shale,  calcareous,  grayish-green 193-197 

Limestone,  dark-gray 197-205 

Shale,  calcareous,  grayish-green 205-210 

Shale,  noncalcareous,  grayish-green 210-211 

Limestone,  light-gray;  yield  zone  at  about  217  feet  (25  gpm) 211-215 

Shale,  noncalcareous,  grayish-green 215-240 

Shale,  calcareous,  gray  and  greenish-gray 240-246 

Shale,  noncalcareous,  grayish-red 246-250 

■Shale,  noncalcareous,  grayish-red  and  grayish-green 250-255 

Shale,  calcareous,  grayish-red  and  grayish-green 255-258 

Limestone,  medium  to  dark-gray 258-270 

Shale,  noncalcareous,  grayish-red  and  grayish-green 270-275 

Shale,  moderately  calcareous,  grayish-red.  275-280 

Shale,  noncalcareous,  grayish-red 280-285 

Shale,  calcareous,  gray  and  grayish-red 285-290 

Shale,  calcareous,  grayish-red,  and  shale  noncalcareous  to  slightly 
calcareous,  grayish-green  295-300 


*Yields  (in  parentheses)  are  the  discharges  produced  by  the  air-rotary  drilling  machine 
from  the  given  depth. 

absorbing  the  periodoic  precipitation  and  returning  it  slowly  but  continuously 
to  streams.  During  long  periods  without  precipitation,  the  flows  of  unregu- 
lated streams  in  the  Loysville-Mifflintown  quadrangles  are  sustained  entirely 
by  drainage  from  the  ground-water  reservoir. 

Relation  between  precipitation,  ground-water  levels,  and  streamflow, 
with  streamflow  separated  into  its  direct  runoff  and  ground-water  runoff 
(baseflow)  components,  may  be  judged  from  Figure  6.  Well  Pe-212  is  on  a 
hillside  in  the  community  of  Landisburg,  about  5 miles  southeast  of  the 
Bixler  Run  drainage  basin.  Fluctuations  of  water  levels  in  this  well  are 
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Figure  6.  Graphs  showing  precipitation,  ground-water  levels,  and 
streamflow. 


typical  of  those  in  wells  in  similar  topographic  situations  throughout  the 
study  area. 

The  graphs,  showing  precipitation,  ground-water  levels,  and  streamflows, 
are  for  the  1966  water  year  (October  1965  to  September  1966),  during  which 
drought  conditions  prevailed.  Despite  overall  drought  conditions,  above- 
normal precipitation  during  the  months  of  January,  February,  and  April, 
resulted  in  abundant  recharge  to  the  ground-water  reservoir,  as  shown  by 
the  rise  in  ground-water  runoff  to  Bixler  Run.  During  the  period  May 
through  August,  precipitation  was  substantially  below  normal.  The  hydro- 
graph of  streamflow  shows  that  only  a small  amount  of  precipitation  during 
this  period  become  direct  runoff  and  that  streamflow  consisted  almost 
entirely  of  baseflow.  The  fact  that  precipitation  during  late  spring  and  sum- 
mer months  resulted  in  little  recharge  to  the  ground-water  reservoir  in- 
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dicates  that  most  of  the  precipitation  was  either  consumed  by  evapotrans- 
piration  or  was  retained  by  the  soil  to  satisfy  soil-moisture  deficits. 

WATER  BUDGETS 

The  general  disposition  of  the  precipitation  that  falls  on  a drainage  basin 
during  a given  interval  of  time  can  be  shown  in  terms  of  a water-budget 
equation  that  equates  total  inflow  to  total  outflow,  plus  or  minus  the  net 
change  in  surface-water,  ground-water,  and  soil-moisture  storage.  Over 
periods  of  several  years,  the  net  natural  change  in  storage  is  usually  negligible 
and,  thus,  can  be  ignored.  The  budget  may  be  simplified  further  if  under- 
ground inflow  and  outflow  are  assumed  to  be  negligible.  This  assumption  is 
probably  correct  for  most  basins  in  the  vicinity  of  the  study  area,  as  stream- 
flow  in  and  near  the  study  area  is  measured  at  points  underlain  by  sandstone 
and  shale  that  have  low  permeability.  Thus,  simplified,  the  equation  may  be 
expressed  as: 

(Inflow)  _ (Outflow) 

P “ R + L; 

in  which, 

P — precipitation  on  the  basin, 

R = stream  runoff  (baseflow  and  direct  runoff), 

E = water  loss,  resulting  chiefly  from  evapotranspiration. 

Precipitation  and  runoff  are  the  factors  in  the  budget  equation  that  can 
be  determined  most  accurately.  Losses  resulting  from  evapotranspiration 
cannot  be  measured  directly  for  large  areas  and  are  assumed,  on  the  basis 
of  the  simplified  equation  shown  above,  to  be  equivalent  to  the  difference 
between  precipitation  and  runoff. 

Water  budgets  were  computed  for  four  basins  that  drain  small-  to  mod- 
erate-sized parts  of  the  Loysville  and  Mifflintown  quadrangles.  (See  Fig.  7.) 
Three  of  the  basins — those  drained  by  Sherman,  Tuscarora,  and  Cocolamus 
Creeks — are  underlain  by  rock  units  that  are  typical  of  those  in  the  study 
area.  The  fourth  basin,  drained  by  Kishacoquillas  Creek,  is  underlain  in 
large  part  by  limestones  and  dolomites  of  Ordovician  age  that  were  not 
studied  as  a part  of  this  investigation.  The  budget  data  are  shown  in  Table  4. 

Data  used  in  the  budget  equations  are  average  calendar  year  values  for 
either  11  or  12  year  periods.  Runoff  was  measured  at  gaging  stations  operated 
and  maintained  by  the  U.S.  Geological  Survey.  Precipitation  was  measured 
at  stations  in  or  near  the  individual  basins.  Data  for  Lewistown  and  Newport 
were  obtained  from  U.S.  Weather  Bureau  records,  data  for  the  station  at 
Kistler  were  collected  by  the  EbS.  Geological  Survey  in  conjunction  with  a 
sediment  study  of  Bixler  Run  basin,  which  is  part  of  the  Sherman  Creek 
drainage.  Although  precipitation  on  this  mountainous  region  undoubtedly 
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EXPLANATION 


A Kishacoquillas  Creek  basin 
B Cocolamus  Creek  basin 
C Tuscarora  Creek  basin 
D Bixler  Run  basin 


A Precipitation  station 
(X)  Stream  gage 
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Figure  7.  Map  showing  drainage  basins  for  which  water  budget 
were  computed. 

varies  substantially  from  place  to  place,  the  11  to  12  year  averages  used  are 
believed  to  be  fairly  representative  of  the  long-term  average  precipitation  | 
on  individual  basins.  ; 

The  budget  data  for  the  four  basins  indicate  that  40  to  46  percent  of  the 
average  annual  precipitation  on  them  leaves  as  streamflow;  most  of  the  , 
remaining  54  to  60  percent  is  lost  as  evapotranspiration. 


Table  4. — Basin  water  budgets 
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BASEFLOW 

The  baseflow  of  most  streams  in  the  study  area  is  believed  to  be  moderately 
high.  Baseflow  determinations  made  for  part  of  the  Bixler  Run  basin,  which 
drains  an  area  of  15  square  miles  in  the  west-central  part  of  the  Loysville 
quadrangle,  indicate  that  about  58  percent  of  the  total  streamflow  consists 
of  ground-water  drainage.  The  rock  units  drained  constitute  a fairly  repre- 
sentative sample  of  the  rock  units  studied  and  include  all  those  of  Silurian 
age.  The  average  annual  baseflow  shown  in  Table  5,  was  computed  from 
streamflow  data  for  the  period  1955-65,  and  was  supplied  by  L.  A.  Reed  of 
the  U.S.  Geological  Survey  (1968,  written  commun.). 

Despite  the  rather  high  contribution  of  ground  water  to  streamflow, 
average  well  yields  in  the  study  area  are  low.  Similar  conditions  of  high  base 
flow  and  low  well  yields  in  the  Brandywine  Creek  basin  of  Chester  County, 
Pennsylvania,  were  attributed  to  deep  permeable  soils,  high  gravity  yield 
(short-term  specific  yield)  from  the  zone  of  water-table  fluctuation,  and 
steep  water-table  gradients.  The  moderately  high  contribution  of  ground 
water  to  streamflow  in  the  Bixler  Run  basin  is  believed  to  be  due  largely 
to  the  very  steep  water-table  gradients  that  prevail  throughout  most  of  the 
basin  and  to  a moderately  high  gravity  yield  for  the  zone  of  water-table 
fluctuation. 


Table  5.— Average  runoff  from  the  Bixler  Run  basin  (1955-65) 


Runoff 

Cubic  feet 
per  second 

Inches 

per  year 

Million  gallons 
per  square  mile 
per  year 

Percent  of 
total  runoff 

Direct  surface 

6.5 

5.88 

102 

42 

Baseflow 

9.0 

8.16 

142 

58 

Total 

15.5 

14.04 

244 

100 

THE  GROUND  WATER  RESERVOIR 

The  ground-water  reservoir  in  the  study  area,  as  elsewhere  in  the  un- 
glaciated part  of  the  Valley  and  Ridge  Province,  consists  of  (1)  the  intersti- 
tial openings  in  saprolite — the  unconsolidated  to  semi-consolidated  weathered 
rock  material  that  mantles  the  bedrock — and  (2)  the  fracture  openings  in 
the  underlying  and  consolidated  sedimentary  rocks.  The  porosity  of  the 
saprolite  is  high,  but  its  permeability  is  low.  The  porosity  of  the  zone  of 
open  fractures  in  the  bedrock,  on  the  other  hand,  is  low,  but  the  average 
permeability  is  somewhat  greater  than  that  of  the  saprolite.  The  saprolite 
functions  chiefly  as  a storage  reservoir  that  slowly  supplies  water  to  the  under- 
lying fractures;  the  fractures  in  the  bedrock  function  chiefly  as  conduits  for 
transmitting  the  water  from  areas  of  recharge  to  areas  of  discharge.  Where  a 
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ground-water  reservoir  yields  water  to  wells  in  usable  quantities  it  is  con- 
sidered to  be  an  aquifer. 

Saprolite 

The  saprolite  varies  in  thickness  from  zero  at  points  where  bedrock  is 
exposed  to  as  much  as  50  feet  beneath  some  hillsides  that  are  underlain  by 
calcareous  rock  units.  The  average  thickness,  as  indicated  by  casing  depths 
in  wells,  is  about  35  feet  beneath  hillsides  and  about  20  feet  beneath  valleys. 
The  saturated  thickness  of  the  saprolite  ranges  from  zero  beneath  most 
ridgetops  and  steep  slopes  to  as  much  as  20  feet  in  some  valleys.  On  the 
basis  of  water-level  data  from  a few  dug  wells  and  reports  by  drillers  on  the 
depths  at  which  water  was  first  encountered  in  wells,  the  average  saturated 
thickness  of  the  saprolite  is  estimated  to  be  on  the  order  of  5 to  10  feet  in 
valleys,  and  less  than  5 feet  beneath  most  hillsides.  The  water  table  fluc- 
tuates several  feet  seasonally,  and  it  fluctuates  more  on  hillsides  than  in 
valleys.  Thus,  on  some  hillsides  the  water  table  may  be  within  the  saprolite 
in  the  spring  and  early  summer,  but  it  may  drop  below  the  bedrock  surface 
during  late  summer  and  fall.  The  water  table  is  believed  to  be  within  the 
saprolite  throughout  the  year  in  most  valleys. 

Large-diameter  hand-dug  wells,  which  generally  obtain  most  of  their 
water  from  the  saturated  part  of  the  saprolite,  are  reported  to  have  low 
yields.  This  is  an  indication  of  the  low  permeability  of  the  saprolite.  Drillers 
also  report  that  very  little  water  is  obtained  from  the  saprolite  as  a well  is 
being  drilled  through  it. 

The  specific  yield  (coefficient  of  storage)  of  the  saprolite  was  not  deter- 
mined, but  it  probably  averages  between  5 and  10  percent.  The  coefficient 
of  storage  of  an  aquifer  is  defined  as  the  volume  of  water  it  releases  from  or 
takes  into  storage  per  unit  surface  area  of  the  aquifer  per  unit  change  in  the 
component  of  head  normal  to  that  surface.  Water-budget  studies  of  two 
areas  underlain  by  fractured-rock  aquifers  in  southeastern  Pennsylvania  have 
determined  values  of  this  order  of  magnitude  for  the  zone  of  water-table 
fluctuation.  In  a basin  underlain  chiefly  by  igneous  and  metamorphic  rocks, 
the  gravity  yield  (short-term  specific  yield)  of  this  zone  was  estimated  to  be 
. between  7.5  and  10  percent  (Olmsted  and  Hely,  1962,  p.  17).  In  a basin 
. underlain  chiefly  by  carbonate  rock,  the  specific  yield  was  calculated  to  be 
(]  about  5 percent  (Meisler,  1963,  p.  32).  The  water  table  in  both  areas  un- 
j doubtedly  fluctuates  partly  in  the  bedrock  and  partly  in  the  saprolite;  thus, 
j the  specific  yield  cannot  be  considered  to  be  that  of  the  saprolite  alone.  In 
,[  both  of  these  areas,  as  in  the  study  area,  the  specific  yield  of  the  rock  probably 
j decreases  as  depth  below  the  zone  of  water-table  fluctuation  increases, 
j If  the  saprolite  in  valleys  within  the  study  area  is  assumed  to  have  an 
average  specific  yield  of  5 percent  and  an  average  saturated  thickness  of  5 
feet,  the  complete  drainage  of  1 -square  mile  of  saprolite  would  result  in  the 
j discharge  of  about  52  million  gallons  of  water  from  storage. 


32 


LOYSVII.LE  MIFFLINTOWN  GROUND-WATER 


Bedrock 

Fresh,  unweathered  bedrock  is  nearly  everywhere  highly  compacted  and 
tightly  cemented,  and  it  has  few  intergranular  openings  through  which 
water  can  move.  Water  occurs  in  the  bedrock  chiefly  in  fractures  (joints)  or 
in  solution  cavities  produced  as  a result  of  weathering  along  fractures  in 
carbonate  rocks.  It  was  noted  previously  that  joints  are  numerous  in  ex- 
posures of  bedrock.  Except  in  some  of  the  thick,  competent  sandstones  of  the 
Bald  Eagle,  Juniata,  and  Tuscarora  Formations,  they  are  generally  spaced 
less  than  one  foot  apart.  Openings  along  most  joint  planes  are  generally  no 
more  than  a fraction  of  an  inch  wide  in  surface  exposures. 

Although  an  entire  sequence  of  beds  may  contain  joints,  the  width,  spac- 
ing, and  number  of  joints  commonly  differ  from  bed  to  bed.  These  differences 
result  in  abrupt  changes  in  permeability  at  bedding  planes.  The  majority  of 
joints  do  not  extend  across  bedding  planes,  and  those  that  do  are  rather 
widely  spaced. 

Evidence  from  several  hundred  drilled  wells  inventoried  for  this  study 
indicate  that  the  frequency  and  width  of  joint  openings  decreases  consider- 
ably, at  relatively  shallow  depths,  below  the  bedrock  surface.  Water  generally 
enters  wells  from  only  a few  widely  spaced  zones,  most  of  which  yield  only  a 
few  gallons  per  minute.  These  yielding  zones  are  reported  to  be  generally 
no  more  than  a few  inches  thick,  although  openings  several  feet  across  in  the 
vertical  dimension  have  been  penetrated  by  some  wells  drilled  into  limestone. 
The  yielding  zones  commonly  occur  at  bedding  planes. 

Analysis  of  yield-zone  data  reported  for  205  wells,  84  percent  of  which  are 
150  feet  or  less  in  depth,  indicates  that  most  wells  penetrate  only  two  yielding 
zones.  Only  16  percent  of  these  wells  were  reported  to  have  penetrated  three 
or  more  yielding  zones. 

The  frequency  and  size  of  fracture  openings  decrease  as  depth  increases, 
owing  to  the  weight  of  the  overlying  rock.  This  condition  results  in  a cor- 
responding decrease  in  the  capacity  of  the  bedrock  to  store  and  transmit 
water.  Although  water-bearing  openings  may  exist  at  great  depths  in  the 
bedrock,  most  of  the  openings  are  within  a few  hundred  feet  of  the  surface. 
The  relation  between  depth  and  well  yield  is  discussed  further  in  a later 
section. 


Water-level  Fluctuations 

Water  levels  in  wells  are  continually  changing  in  response  to  additions  of 
water  to,  or  drainage  of  water  from,  the  ground-water  reservoir.  When  re- 
charge from  precipitation  or  snowmelt  is  added  to  the  reservoir  faster  than 
it  can  drain  away  to  streams,  water  levels  rise.  When  the  rate  of  drainage 
exceeds  the  rate  of  recharge,  water  levels  decline. 
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Hydrographs  showing  water-level  fluctuations  typical  of  wells  in  the 
iStudy  area  are  given  in  Figure  8.  Well  Ju-18  is  a drilled  well,  454  feet  deep,  in 
the  community  of  Port  Royal.  The  well  is  in  a low-lying  area  underlain  by 
the  Tonoloway  Formation.  Well  Ju-71  is  a drilled  well,  472  feet  deep,  one 
mile  northeast  of  McAlisterville.  The  well  is  on  a hillside  underlain  by  the 
iMifflintown  Formation. 

Records  of  water-level  fluctuations  in  these  and  several  other  wells  indicate 
that  water  levels  in  wells  in  valleys  can  normally  be  expected  to  fluctuate 
through  an  interval  of  about  10  feet  during  each  year.  Water  levels  in  wells  on 
hillsides  and  hilltops  can  be  expected  to  fluctuate  through  an  interval  of  20 
to  30  feet. 

Water  levels  as  measured  and  reported  for  about  570  wells  are  listed  in 
Table  6.  The  water  levels  are  for  different  months  and  different  years;  there- 
fore, as  a group  they  should  approximate  average  conditions.  In  general, 
water  levels  are  relatively  shallow  despite  the  rugged  topography  in  the 
study  area. 


WELLS 

The  oldest  wells  in  the  Loysville  and  Mifflintown  quadrangles  were  dug 
by  hand  to  depths  generally  less  than  30  feet.  A few  such  wells  are  still  in 
use,  but  most  have  been  abandoned  or  destroyed  because  of  their  suscepti- 
bility to  bacterial  contamination  from  on-lot  sewage-disposal  systems.  Most 
wells  in  use  are  drilled  wells,  which  were  constructed  either  by  the  cable-tool 
or  air-rotary  method. 

Few  large-diameter  wells  have  been  drilled  in  the  Loysville  and  Mifflin- 
town  quadrangles.  A few  municipal  and  industrial  wells  are  8 or  10  inches  in 
diameter,  but  most  wells  are  6 inches  in  diameter. 

Depths 

The  depths  of  600  wells  range  from  25  to  870  feet,  but  only  57  wells  are 
deeper  than  200  feet,  and  18  are  deeper  than  300  feet.  The  median  depth  is 
90  feet.  The  range  and  median  depth  of  wells  in  individual  formations  and 
members  are  shown  in  Table  7.  The  median  depths  for  individual  rock 
units  range  from  61  to  165  feet. 

Depths  of  wells  in  most  rock  units  average  20  to  30  feet  deeper  on  hillsides 
and  hilltops  than  in  valleys  and  draws.  The  median  depths  in  individual 
formations  and  members  range  from  50  to  85  feet  for  wells  drilled  in  valleys 
and  draws,  and  from  70  to  150  feet  for  wells  drilled  on  hillsides  and  hilltops. 

About  85  percent  of  the  wells  for  which  depth  data  are  available  were 
drilled  for  domestic,  farm,  or  other  low-yield  requirements,  for  which  yields 
of  5 to  10  gpni  are  generally  considered  adequate.  Accordingly,  the  depths 
of  this  group  of  wells  are  indicative  of  the  total  thickness  of  saprolitc  and 
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Figures.  Typical  hydrograph  for  wells  on  hillsides  (Ju-71)  and 
valleys  (Ju-18),  and  precipitation  at  Newport. 
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bedrock  which  wells  must  penetrate  in  order  to  obtain  a yield  of  about  1C 
gpm.  Most  of  the  wells  in  this  group  are  between  50  and  170  feet  deep,  and 
the  median  depth  is  88  feet.  Only  6 percent  are  less  than  50  feet  deep,  and 
only  10  percent  are  more  than  170  feet  deep.  The  deepest  domestic  and 
farm  wells  have  been  drilled  on  hillsides  and  ridges  underlain  by  the  Oris-| 
kany,  Helderberg,  and  Old  Port  Formations.  More  than  half  of  the  wells 
drilled  into  these  rock  units  in  valleys,  on  the  other  hand,  are  generally  no 
deeper  than  valley  wells  in  most  other  units. 

The  deepest  well  (Ju-105)  in  the  study  area  is  a gas-test  well  that  was 
drilled  to  a depth  of  10,036  feet  (and  later  plugged)  on  Shade  Mountain, 
about  33^  miles  north  of  McAlisterville.  The  well  started  in  the  Reedsville 
Formation  and  ended  in  carbonate  rocks  of  Early  Ordovician  age. 

Casing 

Casing  is  installed  in  wells  in  the  study  area  mainly  to  prevent  the  mantle 
of  soil  and  saprolite  from  collapsing  into  the  borehole.  In  the  majority  of 
wells,  steel  casing  is  seated  3 or  4 feet  into  the  solid  bedrock;  the  remainder  1 
of  the  hole  is  then  completed  at  a slightly  smaller  diameter,  without  addi- 
tional casing.  Casing  has  been  extended  more  than  a few  feet  below  the  bed- 
rock surface  in  some  wells,  either  because  of  contract  specifications,  or  because 
a zone  of  unconsolidated  or  strongly  fractured  material,  which  would  not 
maintain  an  open  borehole,  was  encountered  at  greater  depths. 

Most  of  the  wells  in  the  study  area  contain  20  to  50  feet  of  casing,  but 
casing  depths  range  from  5 feet  to  225  feet.  The  median  and  range  of  casing 
depths  for  indvidual  formations  and  members  are  given  in  Table  7.  The 
amount  of  casing  required  differs  according  to  topography  and  the  rock 
type.  Wells  drilled  on  hillsides  normally  require  more  casing  than  those 
drilled  in  valleys,  and  wells  drilled  in  limestones  and  calcareous  shales  gen- 
erally require  more  casing  than  those  drilled  in  sandstone  and  noncalcareous 
shales. 

The  median  depth  of  well  casing  in  283  wells  drilled  on  hillsides  is  37  feet, 
and  the  median  depth  of  casing  217  wells  drilled  in  valleys  is  23  feet.  More- 
over, about  30  percent  of  the  wells  on  hillsides  have  more  than  50  feet  of 
casing,  whereas  only  8 percent  of  the  wells  in  valleys  have  more  than  this 
amount.  The  greater  depth  of  casing  in  wells  on  hillsides  is  a reflection  of  the 
greater  depth  of  weathering  beneath  hillsides. 

Wells  drilled  in  noncalcareous  shales  and  sandstones  generally  contain 
less  than  50  feet  of  casing,  regardless  of  topographic  position.  Most  of  the 
wells  containing  more  than  50  feet  of  casing  are  those  that  have  been  drilled 
into  hillsides  underlain  by  calcareous-rock  units. 

The  weathered  zone  is  especially  deep  beneath  hillsides  underlain  by  the 
Keyser,  Helderberg,  Oriskany,  and  Old  Port  Formations.  More  than  one- 
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third  of  the  wells  drilled  in  such  localities  have  reejuired  between  100  and 
225  feet  of  casing.  The  median  casing  depth  for  hillside  wells  in  these  cal- 
careous units  is  58  feet. 

The  annular  opening  between  the  outside  of  the  casing  and  the  borehole 
wall  of  most  wells  in  the  study  area  has  been  allowed  to  fill  with  well  cuttings 
during  the  drilling  operation.  The  general  effectiveness  of  this  type  of  casing 
seal  in  preventing  the  direct  entry  of  shallow  ground  water  (which  may  be 
pollouted  by  septic  tank  effluent)  into  the  well  is  not  known.  In  a few'  in- 
stances, water  levels  in  nearby  hand-dug  wells  are  higher  than  those  in  the 
drilled  wells,  indicating  that  the  seal  probably  is  effective.  However,  a few 
wells  were  examined  in  which  water  was  found  to  be  entering  at  or  near  the 
bottom  of  the  casing,  indicating  that  the  casing  seals  were  defective.  Inas- 
much as  the  annular  opening  is  narrow  (about  1-inch  wide  in  most  6-inch 
wells),  bridging  of  drill  cuttings  probably  occurs  around  some  casings. 
Bridging  of  material  at  depths  of  a few  feet  below  land  surface  may  leave 
much  of  the  annular  opening  unsealed  and,  thus,  permit  relatively  direct 
and  rapid  movement  of  shallow  ground  water  into  the  wells.  A few  wells 
have  been  sealed  with  cement  grout.  The  use  of  cement  grount  generally 
provides  a reliable  and  effective  seal. 

Yields 

The  yields  of  most  wells  listed  in  Table  6 were  determined  by  the  driller, 
either  on  the  basis  of  a short-term  bailing  test  or  by  measuring  the  discharge 
from  an  air-rotary  drill.  Few  such  tests  exceeded  one  hour  in  duration,  although 
some  yielding  zones  that  were  penetrated  at  shallow  depths  by  air-rotary 
drills  may  have  been  pumped  for  several  hours  while  the  well  was  being 
drilled  to  final  depth.  The  drawdowns  of  water  levels  during  the  yield  tests 
were  reported  for  only  a few  of  the  wells  that  were  tested  by  the  bailing 
method.  The  reported  drawdowns  are  only  rough  estimates  of  the  true 
drawdowns.  Specific  capacities  have  been  computed  for  several  wells  by 
using  the  drillers  reported  yield  and  drawdown  data  (Table  6).  These 
specific  capacities  are  considered  to  be  only  order-of-magnitude  and  were 
not  used  in  relating  well  yield  to  the  various  parameters  discussed  in  subse- 
quent sections. 

The  yields  reported  for  534  wells  range  from  less  than  1 gpm  to  275  gpm. 
Half  of  the  wells  reportedly  yield  12  gpm  or  less,  and  fewer  than  5 percent  are 
reported  to  yield  more  than  50  gpm.  The  percentage  distribution  of  reported 
well  yields  is  shown  in  Figure  9.  The  median  and  range  of  reported  yields  for 
individual  formations  and  members  arc  given  in  Table  7.  The  median  yields 
of  all  rocks  units  range  from  6 to  20  gpm. 

Although  the  reported  yield  data  are  imprecise  and  do  not  reflect  the 
maximum  potential  of  wells  in  the  study  area,  they  do  suggest  that  the 
potential  is  low  and  that  the  chances  of  obtaining  a relatively  high  yield 
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Figure  9.  Frequency  graph  of  yields  reported  for  534  wells. 


(100  gpni  or  more)  from  a well  drilled  at  a randomly  selected  site  in  any 
formation  are  poor. 

In  the  following  sections,  yield  data  are  evaluated  to  determine  the  effects 
of  such  factors  as  rock  type,  topographic  position,  and  well  depth  on  well 
yields.  The  yield  data  used  include  only  those  obtained  from  depth  on  well 
yields.  The  yield  data  used  include  only  those  obtained  from  controlled 
pumping  tests,  from  which  the  specific  capacities  could  be  determined. 


HYDROLOGY 


59 


Specific  Capacity  Data 

The  yields  of  wells  can  be  given  more  comparability  through  the  use  of 
specific  capacities,  which  are  commonly  expressed  as  the  yield  in  gallons  per 
minute  per  foot  of  drawdown  (gpm  per  ft)  for  a stated  period  and  rate  of 
pumping.  The  period  of  pumping  is  stated  because  water  levels  usually 
continue  to  decline  as  the  test  lengthens,  causing  specific  capacity  values  to 
decline  accordingly.  The  rate  of  pumping  is  stated  because  specific  capacities 
measured  at  diflerent  rates  of  pumping  over  the  same  interval  of  time  may 
differ  significantly  as  a result  of  (1)  a decrease  in  well  elliciency  at  higher 
pumping  rates,  or  (2)  the  pumping  level  being  lowered  below  yielding  zones. 

Most  of  the  specific  capacity  data  used  for  this  report  were  computed 
from  tests  of  about  the  same  duration;  hence,  variations  in  specific  capacity 
due  to  differing  pumping  times  are  minimal.  Furthermore,  most  of  the 
pumping  tests  were  made  at  low  rates  of  discharge,  such  as  are  produced  by 
the  pumps  in  most  domestic  wells;  thus,  drawdown  effects  related  to  de- 
creases in  well  efficiency  and  the  low'ering  of  pumping  levels  below  yielding 
zones  should  also  be  minimal.  The  specific  capacities  obtained  for  most  of  the 
wells,  therefore,  should  be  the  highest  values  obtainable  from  them  for  the 
stated  duration  of  testing. 

Table  8 lists  specific  capacities  of  79  wells.  All  but  eight  of  the  values  were 
determined  from  short-term  pumping  tests  made  by  the  author,  using  either 
the  installed  pump  or  a portable  submersible  pump.  Most  of  the  tests  were 
made  for  a period  of  1 hour  and  at  pumping  rates  that  ranged  from  3 to  25 
gpm.  A few  tests  made  with  the  owner’s  pump  were  pumped  for  less  than  1 
hour  when  drawdown  rates  were  excessive.  Where  possible,  specific  capaci- 
ties of  these  wells  were  estimated  for  a 1-hour  pumping  period  by  extrapolat- 
ing the  drawdown.  The  eight  values  which  were  determined  from  tests  other 
than  those  made  by  the  author  represent  the  only  specific-capacity  data 
obtained  from  other  wells  for  which  controlled  pumping-test  data  were 
available. 

The  specific  capacities  range  from  less  than  0.1  gpm  per  ft  to  63  gpm  per 
ft  and  the  median  is  0.55  gpm  per  ft.  About  12  percent  of  the  wells  have 
specific  capacities  of  0.1  or  less  and  10  percent  have  specfic  capacities  of  3.0 
or  more. 

For  most  of  the  1-hour  pumping  tests,  drawdown  rates  remained  relatively 
high  at  the  end  of  the  test.  If  the  wells  had  been  pumped  for  periods  of  24 
hours  or  more,  the  specific  capacities  of  most  of  these  wells  would  have  been 
considerably  smaller — perhaps  only  half  as  much  as  was  measured.  Even  so, 
the  specific  capacities  obtained  are  generally  low,  indicating  that  the  per- 
meability of  the  first  100  feet  or  so  of  the  bedrock — the  average  depth  of  the 
wells  tested — is  also  low. 

No  consistent  relation  exists  between  these  short-term  specific  capacities 
and  the  potential  yield  of  wells,  but  the  highest  yields  generally  are  obtain- 
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able  from  those  wells  having  the  highest  specific  capacities.  The  number 
depth,  and  relative  contribution  of  yielding  zones  generally  are  not  thi] 
same  for  any  two  non-adjacent  wells.  Accordingly,  wells  of  equal  depth,  ir 
which  the  depth  to  water  is  the  same,  may  have  equal  short-term  specific 
capacities  but  different  yields  at  maximum  available  drawdowns. 

Because  of  the  areal  variations  in  the  permeability  of  fractured-rocl 
aejuifers,  specific-capacity  data  tend  to  be  erratic  also.  Frequency  graph; 
are  used  to  facilitate  comparison  of  the  inconsistent  specific-capacity  date 
obtained  for  wells  in  different  rock  types,  of  different  depths,  and  in  different 
topographic  settings.  Plots  of  specific-capacity  data  on  frequency  graphs 
illustrate  differences  in  aquifer  characteristics  that  may  not  be  readily  ap- 
parent from  an  inspection  of  the  tabulated  data.  The  slope  of  lines  fitted  to 
data  plots  for  wells  of  equal  depth,  in  a single  rock  unit  indicate  the  degree  of 
variability  in  bedrock  permeability.  The  steeper  the  slope,  the  greater  the 
variability  in  permeability.  The  relative  positions  of  two  or  more  frequency 
curves  may  also  provide  a measure  of  the  relative  permeabilities  of  one  or 
more  rock  types.  The  higher  the  position  of  the  curve,  the  higher  will  be  the 
average  permeability  of  the  rock  type  being  considered. 

Relation  of  Well  Yield  to  Rock  Type 

Not  enough  specific-capacity  data  were  available  to  permit  statistical 
comparison  of  the  water-yielding  properties  of  wells  in  each  rock  type. 
Therefore,  the  data  were  combined  into  three  groups  consisting  of  data  from 
wells  in  rock  units  composed  dominantly  of  (1)  limestone  and  calcareous 
shale;  (2)  non-calcareous  shale  (or  interbedded  non-calcareous  shale  and 
sandstone);  and  (3)  sandstone. 

Calcareous  shale  is  represented  solely  by  data  from  wells  in  the  Wills 
Creek  Formation.  Separate  frequency  curves  were  prepared  for  wells  in 
units  composed  dominantly  of  shale  and  for  wells  in  units  composed  domi- 
nantly of  interbedded  shale  and  sandstone.  However,  the  curves  were  so 
similar  that  the  data  were  combined  to  give  a single  curve. 

The  frequency  curves  shown  in  Figure  10  indicate  that  the  chances  of 
obtaining  a given  specific  capacity  from  a well  drilled  at  a site  selected  at 
random  are  greatest  when  the  well  is  in  limestone  and  calcareous  shale  units 
and  least  when  it  is  in  sandstone  units.  For  example,  the  curves  indicate  that 
a specific  capacity  of  1.0  gpm  per  ft  is  obtainable  from  about  48  percent  of 
the  wells  drilled  in  calcareous  rock  units,  from  about  27  percent  of  the  wells 
drilled  in  non-calcareous  shale  and  interbedded  sandstone  and  shale  units, 
and  from  about  12  percent  of  the  wells  drilled  in  sandstone  units. 

The  steep  slopes  of  the  frequency  curves  is  an  indication  of  the  relatively 
wide  range  in  permeability  that  exists  in  all  rock  types.  The  steep  break  in 
slope  of  the  curve  for  specific  capacities  of  wells  in  calcareous  rock  units  is 
caused  by  a few  wells  in  valleys  that  tap  large  solution  openings. 
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igure  10.  Specific-capacity  frequency  graph  for  wells  in  several 
rock  types. 
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Relation  of  Well  Yield  To  Topography 

Studies  of  several  areas  that  are  underlain  by  consolidated  bedrock  have 
shown  that  the  average  yield  of  wells  in  valleys  is  higher  than  that  of  wells  at 
topographically  higher  positions  (LeGrand,  1949;  Mundorff,  1948;  Ding- 
man  and  Meyer,  1954;  Poth,  1968).  This  relation  indicates,  of  course,  that 
the  average  permeability  of  the  bedrock  beneath  valleys  is  higher  than  that 
beneath  hillsides  and  hilltops.  Where  permeability  differences  related  to 
topographic  position  occur  in  areas  underlain  by  the  same  or  similar  rock 
types,  the  differences  may  be  related  to  differences  in  the  volume  of  water 
that  passes  through  the  rocks.  As  ground  water  moves  from  drainage  divides 
toward  streams,  the  volume  of  water  increases  because  of  the  addition  of 
recharge  from  precipitation;  thus,  a progressively  larger  volume  of  water 
must  pass  through  the  same — or  even  smaller — volume  of  rock  as  the  ground 
water  approaches  the  stream.  The  flow  of  large  volumes  of  water  through 
the  rock  underlying  valleys  probably  causes  greater  solution  and  removal  of 
rock  material  from  fracture  surfaces  in  the  valleys  than  in  the  highlands, 
thereby  increasing  the  permeability  of  the  bedrock  in  the  valleys. 

An  examination  of  the  specific-capacity  data  collected  from  wells  in 
similar  rock  types  shows  that  the  specific  capacities  of  wells  in  valleys  and 
draws  are  generally  higher  than  those  of  wells  on  hillsides  and  hilltops. 
Moreover,  unusually  high  specific  capacities  were  obtained  only  in  valley 
wells.  The  relation  between  the  topographic  location  and  yield  per  foot  of 
drawdown  of  wells  is  shown  in  Figure  11.  Data  front  wells  in  sandstone  were 
too  few  to  be  considered  separately  and,  therefore,  were  combined  with 
data  from  wells  in  interbedded  non-calcareous  shale  and  sandstone. 

The  graph  shows,  for  example,  that  about  one  out  of  two  (55  percent) 
wells  in  valleys  and  draws  underlain  by  calcareous  shale  and  limestones  have 
a specific  capacity  of  1.0  gpm  per  ft,  or  more;  whereas,  only  one  out  of  three 
(33  percent)  wells  on  hillsides  and  hilltops  underlain  by  these  rock  types 
have  a specific  capacity  of  1 .0  or  more.  Extending  the  comparison  to  hillside 
and  hilltop  wells  in  non-calcareous  shales  and  sandstone,  it  can  be  seen  that 
only  one  out  of  six  (16  percent)  wells  in  this  group  have  a specific  capacity  of 
1 .0  or  more. 

The  comparatively  steep  slopes  of  the  averaged  frequency  distributions 
indicate  that  wide  variations  in  specific  capacities  of  wells  can  be  expected, 
regardless  of  the  topographic  position  of  the  well. 

Valleys  are  favorable  areas  for  drilling  wells  because  of  the  high  average 
bedrock  permeabilities,  and  because  of  the  potential  for  obtaining  induced 
recharge  from  streams.  If  the  hydraulic  connection  between  a well  and  a 
stream  is  good,  the  recharge  induced  will  reduce  drawdown  due  to  pumping 
and,  thus,  help  sustain  the  yield  of  the  well. 
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Figure  11.  Specific-capacity  frequency  graph  for  wells  at  different 
topographic  locations  in  calcareous  and  non-calcareous 
rocks. 
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Relation  of  Well  Yield  to  Depth 

Fracture  permeability  is  unevenly  distributed,  both  vertically  and  hori- 
zontally, in  most  fractured-rock  aquifers.  As  a result,  closely-spaced  wells  of 
equal  depth  may  have  very  different  yields.  Fracture  permeability  also 
decreases  at  depth,  as  the  size  and  number  of  openings  decrease,  and  below 
some  depth,  the  bedrock  will  yield  little  or  no  additional  water  to  wells. 

The  depth  at  which  bedrock  in  the  Loysville  and  Mifflintown  quadrangles 
will  yield  little  or  no  water  to  wells  is  not  known.  Flowever,  data  from  a few 
wells  suggest  that  most  of  the  yield  obtainable  from  wells  may  be  expected 
to  come  from  depths  less  than  200  feet. 

Measurements  of  the  drilling  discharge  made  at  different  depths  during 
construction  of  well  Ju-283  indicate  that  90  percent  of  the  yield  enters  above 
a depth  of  200  feet.  This  well,  which  will  yield  in  excess  of  200  gpm,  is  375 
feet  deep  and  penetrates  limestone  of  the  Tonoloway  Formation.  Measure- 
ments of  the  borehole  flow,  made  over  different  intervals  of  depth,  in  wells 
Mf-152,  Pe-411,  and  Pe-466,  which  are  250,  495,  and  300  feet  deep,  respec- 
tively, indicate  that  most  of  the  water  enters  these  wells  at  depths  of  less  than 
200  feet.  In  well  Mf-152,  which  penetrates  non-calcareous  shale  of  the 
Reedsville  Formation,  borehole-flow  measurements  indicate  that  little  or  no| 
water  enters  below  a depth  of  about  150  feet.  In  well  Pe-411,  which  pene- 
trates calcareous  shale  of  the  Wills  Creek  Formation,  90  percent  of  the  yield 
enters  above  a depth  of  200  feet;  little  or  no  water  enters  in  the  depth  interval 
between  300  and  495  feet.  In  test  well  Pe-466,  about  75  percent  of  the  yield 
enters  above  a depth  of  200  feet.  Flow  measurements  made  in  well  Pe-466 
under  non-pumping  conditions  showed  that  water  entered  from  several 
zones  below  a depth  of  75  feet,  moved  downward,  and  left  the  well  at  a 
depth  of  about  265  feet.  Maximum  outflow  at  the  thieving  zone  amounts 
to  about  1 gpm. 

Borehole-flow  measurements  were  made  by  the  brine  tracing  method 
described  by  Patten  and  Bennet  (1962,  p.  C2).  The  method  involves  the 
introduction  of  brine  slugs  into  a well  at  one  or  more  depths  and  tracing  their 
rate  and  direction  of  movement  by  means  of  a fluid  conductivity  instrument 
suspended  in  the  well  on  a depth-calibrated  cable. 

Examination  of  reported-yield  data  available  for  53  wells  more  than  200 
feet  deep  shows  that  26  (or  about  half)  yield  10  gpm  or  less,  and  that  only 
6 yield  more  than  50  gpm.  One  of  these  six  wells  is  test  well  Ju-283.  Half  of 
the  wells  penetrate  limestone  or  calcareous  shale,  and  although  the  yields  of 
these  wells  are  generally  somewhat  greater  than  those  of  wells  in  non-cal- 
careous shale  and  sandstone  units,  one-third  of  them  yield  10  gpm  or  less.  The 
failure  of  several  deep  wells  to  obtain  yields  of  more  than  a few  gallons  per 
minute  indicates  that  there  are  places  where  the  rock  is  relatively  imperme- 
able from  the  surface  downward. 
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The  deepest  water  well  in  the  study  area  is  Sn-89,  which  is  870  feet  deep 
and  reportedly  yields  about  30  gpin.  Well  Sn-90,  which  is  approximately  50 
feet  from  well  Sn-89,  is  412  feet  deep  and  reportedly  yields  10  gpm.  Well  Sn- 
91 , which  is  about  1 50  feet  from  Sn-89,  is  reported  to  yield  100  gpm  and  is  31  5 
feet  deep.  All  three  wells  penetrate  shale  and  sandstone  of  the  Bloomsburg 
Formation  near  the  community  of  McClure.  Wells  Sn-89  and  Sn-91  supply 
water  to  this  community;  Sn-90  is  not  used. 

The  deepest  well  in  the  project  area  is  a now-sealed  gas  test  well  ( Ju-105) 
that  was  drilled  to  a depth  of  10,036  feet  on  Shale  Mountain,  in  the  Mifflin- 
town  quadrangle.  The  well  starts  in  the  Late  Ordovician  shale  of  the  Reeds- 
ville  Formation  and  ends  in  carbonate  rocks  of  Middle  to  Early  (Ordovician 
age.  Information  obtained  from  Donald  Robertson  of  Shell  (Oil  Company 
(1967,  oral  commun.)  indicates  that  the  well  was  cased  to  a depth  of  1,215 
feet  to  prevent  the  inflow  of  about  35  gpm  of  fresh  water.  The  depths  at 
which  water  entered  the  well  are  not  known.  Little  or  no  fresh  water  entered 
the  open  borehole  below  the  casing.  Salt  water  was  encountered  at  a depth 
of  9,040  feet. 

Frequency  curves  of  specfic-capacity  data  for  wells  of  three  depth  ranges 
is  shown  in  Figure  12.  The  relative  positions  of  the  curves  indicate  that  the 
specific  capacities  of  the  wells  sampled  are  generally  higher  for  wells  less 
than  100  feet  deep  than  they  are  for  deeper  wells.  The  data  are  obviously 
biased,  because  in  any  large  group  of  randomly  located  wells  drilled  to 
random  depths  selected  in  advance  of  drilling,  the  deep  wells  should  have 
specific  capacities  at  least  equal  to  those  of  the  shallow  wells.  Wells  samples 
for  this  study  may  be  considered  to  be  randomly  located,  but  many  of  them 
were  drilled  only  as  deep  as  was  necessary  to  obtain  a yield  adequate  for 
domestic  or  farm  needs.  Hence,  the  low  specific  capacities  of  several  of  the 
deeper  wells  represent  values  for  wells  that  were  drilled  to  greater  than 
average  depths  in  an  attempt  to  obtain  yields  approximating  those  that  were 
obtained  at  shallower  depths  in  most  wells.  That  is  to  say,  the  low  specific 
capacities  in  many  of  the  deep  wells  are  representative  of  rocks  having 
lower-than-average  permeability. 

The  data  collected  for  this  study  suggest  that  the  chances  of  obtaining 
substantial  yields  from  wells  are  greatest  at  depths  of  less  than  200  feet. 
Some  w'ater  is  likely  to  be  obtained  at  depths  of  400  feet  or  more,  but  the 
percentage  of  wells  that  will  yield  significant  quantities  of  water  from  such 
depths  is  likely  to  be  small.  When  a well  that  has  been  drilled  to  a depth  of 
200  feet  has  yielded  no  more  than  a few  gallons  per  minute,  it  generally  is 
advisable  to  drill  at  a new  site  rather  than  drill  deeper.  The  new  site  prefer- 
ably should  be  where  the  new  well  will  penetrate  a different  sequence  of 
beds.  Different  beds  generally  will  be  penetrated  if  the  new  well  is  drilled 
northwest  or  southeast  of  the  unsuccessful  well.  That  is,  across  the  general 
trend  of  the  bedding.  The  distance  that  it  would  be  necessary  to  move,  in 
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Figure  12.  Specific-capacity  frequency  graph  for  wells  in  three 
depth  classes. 


order  to  penetrate  an  entirely  new  sequence  of  beds,  can  be  determined 
from  the  dip  and  strike  symbols  on  the  maps  accompanying  this  report. 
(Plates  1 and  2) 
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WATER-YIELDING  POTENTIAL  OF  ROCK  UNITS 

Rock  units  shown  on  the  maps  of  the  Loysville  and  Mifflintown  quad- 
rangles (Plates  1 and  2)  have  been  assigned  to  one  of  three  general  categories 
(good,  fair,  or  poor)  depending  on  their  relative  potential  for  yielding  water 
to  wells.  Assignments  were  based  in  part  on  specific-capacity  and  reported 
well-yield  data  and  in  part  on  topographic  and  lithologic  considerations. 
Specific-capacity  and  yield  data  were  sparse  for  some  units  so  that  their 
assignments  to  one  of  the  three  categories  was  based  primarily  on  their 
dominant  rock  type  and  topographic  position.  Formations  for  which  few 
data  were  obtainable  include  the  Bald  Eagle,  Juniata,  and  Tuscarora 
Formations — which  underlie  the  crests  and  steepest  slopes  of  the  principal 
mountains — and  the  Rush,  Fort  Littleton,  and  Catskill  Formations,  which 
underlie  sparsely  inhabited  areas. 

Yields  adequate  for  domestic  needs  (3  gpm  or  more)  can  be  obtained 
from  all  formations,  generally  from  wells  between  50  and  150  feet  deep. 
Yields  of  3 to  5 gpm  are  obtainable  at  these  depths  even  on  crests  and  steep 
slopes  of  ridges,  although  somewhat  deeper  wells  may  be  required  where  the 
bedrock  is  composed  of  calcareous  rock  units. 

Rock  units  rated  as  having  good  potential  for  yielding  water  to  wells 
comprise  the  dominantly  calcareous  units  of  Late  Silurian  and  Early  De- 
vonian age.  Included  in  this  group  are  the  Wills  Creek,  Tonoloway,  Keyser, 
Oriskany,  Helderberg,  Old  Port,  and  Onondaga  Formations.  Maximum 
sustained  yields  obtainable  from  these  units  probably  are  on  the  order  of 
300  to  400  gpm,  although  a few  wells,  such  as  test  well  Ju-283,  that  tap  solu- 
tion openings  in  limestone  may  be  capable  of  sustaining  greater  yields. 
Estimates  of  potential  yield  based  on  frequency  graphs  of  specific  capacity 
data  indicate  that  about  25  percent  of  the  wells  drilled  to  depths  of  at  least 
200  feet  in  valleys  in  these  units  may  be  expected  to  sustain  yields  of  86 
gpm,  or  more. 

The  Wills  Creek  and  Tonoloway  Formations  are  potentially  the  most 
important  aquifers  in  the  study  area.  These  units  underlie  considerably 
more  valley  area  than  do  other  calcareous  rock  units.  The  Keyser,  Oriskany, 
Helderberg,  and  Old  Port  Formations  underlie  minor  ridges  and  relatively 
steep  slopes  throughout  much  of  the  study  area,  which  reduces  their  potential. 
Even  so,  the  frequency  graphs  in  Figure  11  indicate  that  the  probability  of 
obtaining  a given  specific  capacity  is  about  the  same  for  wells  on  hillsides  in 
calcareous  rock  units  as  for  valley  wells  in  non-calcareous  rock  units. 

Rock  units  rated  as  having  fair  yielding  potential  to  wells  include  most  of 
the  units  composed  dominantly  of  non-calcareous  shales  and  interbedded 
sandstones  and  shales  that  do  not  underlie  steep  slopes  and  crests  of  moun- 
tains. Included  in  this  group  are  the  Catskill,  Fort  Littleton,  Rush,  and 
Sherman  Ridge  Formations,  the  Mahanoy  and  Shamokin  members  of  the 
Marcellus  Formation,  and  the  Bloomsburg,  Reedsville,  and  Martinsburg 
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Formations.  Maximum  sustained  yields  obtainable  from  wells  in  valleys  in  F 
these  units  are  probably  on  the  order  of  100  to  150  gpm.  Estimates  of  poten-l 
tial  yield,  as  based  on  specific-capacity  frequency  graphs,  indicates  that 
about  25  percent  of  the  wells  drilled  in  these  units  to  depths  of  at  least  200' 
feet  in  valleys  may  be  expected  to  sustain  yields  of  about  38  gpm,  or  more.i  i,| 
About  half  of  the  wells  drilled  in  valleys  may  be  expected  to  sustain  yieldsl 
of  about  18  gpm,  or  more.  j 

Rock  units  rated  as  having  poor  potential  for  yielding  water  to  wells 
include  the  Turkey  Ridge  member  of  the  Marccllus  Formation,  the  Monte-  ||,, 
bello,  Mifflintown,  Rose  Hill,  Tuscarora,  and  Bald  Eagle  Formations.  Most 
of  these  units  underlie  the  crests  and  upper  slopes  of  the  principal  mountains  |[,j 
and  ridges.  Except  for  the  Mifflintown  Formation,  which  consists  in  part  of 
limestone,  these  units  are  composed  of  non-calcarcous  sandstones  and  shales. | 
The  Keefer  member  of  the  Mifflintown  Formation  is  a tough  quartzitic 


sandstone  which  yields  little  water  to  wells.  Maximum 


yields  obtainable! 


from  wells  in  these  units  are  probably  on  the  order  of  50  gpm  in  areas  where 


these  units  are  in  the  valleys  of  perennial  streams. 
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HYDROLOGIC  SIGNIFICANCE  OF  FRACTURE  TRACES 


I will 


It  was  noted  in  the  section  on  geologic  structure  that  fracture  tracesjl* 
appear  to  be  surface  expressions  of  nearly  vertical  structural  features — 


possibly  zones  of  closely  spaced  fractures — in  the  underlying  bedrock.  Ith? 
seems  reasonable  to  assume,  therefore,  that  wells  drilled  on  these  features  1 r® 
might  encounter  zones  of  above-average  permeability.  Conclusive  evidence! 
to  support  this  contention  is  not  yet  available.  However,  the  exceptionally  If®' 
high  yields  of  some  wells  drilled  on  or  near  fracture  traces  in  carbonate S r® 
rocks  suggest  that  fracture  traces  may  be  very  useful  prospecting  guides  in  5+® 
this  type  of  rock.  ! 

The  specific  capacities  of  1 1 wells  drilled  on  or  near  fracture  traces  in  the  P 
carbonate  rocks  of  the  Nittany  Valley  in  central  Pennsylvania  were  found 
to  be  markedly  higher  than  those  of  wells  drilled  between  fracture-trace 
areas  (Lattman  and  Parizek,  1964).  The  wells  had  specific  capacities  rang- 
ing from  1.8  to  236  gpm  per  ft,  and  eight  of  the  wells  had  specific  capacities 
greater  than  10  gpm  per  ft  after  having  been  pumped  for  several  hours  at 
rates  ranging  from  458  to  1,650  gpm.  The  lowest  specific  capacities  were 


determined  for  wells  drilled  on  fracture  traces  on  hillsides;  the  highest  values! 
were  determined  for  wells  in  fracture  traces  in  valley  bottoms.  5 

For  the  carbonate  rocks  of  the  Lebanon  Valley  in  southeastern  Pennsyl-| 


vania,  on  the  other  hand,  Meisler  (1963,  p.  33)  found  no  relation  between  I 
specific  capacities  and  the  location  of  wells  with  respect  to  fracture  traces. ) ^ 
Although  his  data  include  specific  capacity  tests  for  nearly  100  wells,  none 
of  the  wells  was  intentionally  drilled  on  a fracture  trace.  It  is  possible  that 
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lack  of  correlation  resulted  from  the  circumstance  that  wells  considered  to  be 
near  fracture  traces  were,  in  fact,  tocj  far  frcjin  the  centerline  of  the  trace  to 
penetrate  the  fracture  zone. 

Evidence  obtained  from  one  of  two  test  wells  that  were  drilled  on  fracture 
traces  during  the  present  investigation  lend  support  to  the  idea  that  these 
features  may  mark  zones  of  high  permeabilit\'  in  carbonate  rocks.  Well 
Ju-283,  which  was  drilled  to  a depth  of  375  feet  on  a fracture  trace  in  argil- 
laceous limestone  of  the  Tonolcjway  Formation,  has  the  highest  specific 
capacity  of  the  79  wells  tested  during  the  study.  Its  specific  capacity  at  the 
end  of  1 hour's  pumping  at  a rate  of  102  gpm  was  63  gpm  per  ft.  Only  four 
of  the  79  wells  tested  had  specific  capacities  greater  than  10  gpm  per  ft. 

Results  obtained  from  test  well  Pe-466,  which  was  drilled  on  a fracture 
trace  in  calcareous  shale  of  the  Wills  Creek  Formation,  were  not  so  encourag- 
ing. The  well  had  a specific  capacity  of  0.76  gpm  per  ft  after  being  pumped 
for  1 hour  at  a rate  of  21.7  gpm,  which  is  about  average  for  wells  in  this 
formation. 

Further  studies  are  needed  to  fully  determine  the  hydrologic  significance 
of  fracture  traces  in  both  carbonate  and  non-carbonate  rocks.  However, 
preliminary  results  indicate  that  the  fracture-trace  techniejue  of  locating 
zones  of  high  bedrock  permeability  has  considerable  potential. 

Many  of  the  most  prominent  fracture  traces  that  are  visible  on  areal 
photographs  of  the  Loysville  and  Mifflintown  quadrangles  are  located  on 
hillsides  or  hilltops  underlain  by  carbonate  rocks.  Wells  drilled  on  these 
traces,  however,  are  likely  to  encounter  a substantial  thickness  of  highly 
weathered  material  and  are  likely  to  require  more  than  average  amounts  of 
casing.  Although  wells  drilled  on  these  fracture  traces  may  give  higher  than 
average  yields,  deeper  w^ater  levels  and  lack  of  a source  of  recharge  from  a 
nearby  stream  make  such  sites  less  favorable  than  fracture  traces  located  in 
valleys  drained  by  a perennial  stream. 

WATER  QUALITY 

The  type  of  mineral  matter  that  becomes  dissolved  in  ground  water  is 
determined  largely  by  the  composition  of  the  soil  and  rock  through  which 
the  water  flows  between  points  of  recharge  and  discharge.  The  amount  of 
mineral  matter  that  becomes  dissolved  as  water  moves  through  the  subsur- 
face generally  is  determined  by  such  factors  as  the  solubility  of  the  soil  and 
rock,  the  duration  of  contact,  and  subsurface  temperatures  and  pressures. 
Human  activities  such  as  on-lot  disposal  of  sewage,  the  use  of  fertilizers  on 
croplands,  and  the  accidental  spillage  or  leakage  of  chemicals  also  may  affect 
the  chemical  composition  of  ground  water. 

The  source  and  significance  of  the  principal  mineral  constituents  com- 
monly dissolved  in  ground  water  are  given  in  Table  9.  The  dominant  cations 


Table  9. — Source  and  significance  of  dissolved  mineral  constituents  and  properties  of  water 
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Dissolved  solids  Chiefly  mineral  constituents  dissolved  from  rocks  and  The  maximum  limit  recommended  for  drinking;  water  is 

soils.  Concentrations  in  natural  waters  may  be  in-  500  mg/l  but  water  containing  up  to  1 ,000  iur/I  may 

creased  from  sewage,  fertilizers,  industrial  wastes,  and  be  used  where  less  mineralized  supplies  are  unavail- 

other  man-made  sources.  able.'  Waters  containing  more  than  1,000  mg/1  are 

unsuitable  for  many  purposes. 
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Alkyl  benzene  sul-  The  principal  sources  of  ABS  are  synthetic  household-  High  concentrations  of  ABS  cause  undesirable  taste, 

fonate  (ABS)  detergent  residues  in  sewage  and  waste  waters.  foaming,  and  odors.  Presence  of  ABS  in  ground-water 

supplies  may  indicate  bacterial  pollution.  The  maxi- 
mum limit  recommended  for  drinking  water  is  0.5 
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(positively  charged  ions)  present  in  ground  water  from  the  Loys\ille  and 
Mifflintown  quadrangles  are  calcium  and  magnesium;  the  dominant  anion 
(negatively  charged  ion)  is  generally  bicarbonate.  Sulfate  is  the  dominant 
anion  in  water  from  a few  wells  in  the  Tonoloway  and  Whlls  Creek  Forma- 
tions. These  wells  apparently  tap  beds  containing  gypsum  or  other  highly 
soluble  sulfate  minerals. 

Evaluation  of  the  quality  of  ground  water  in  the  Loysville  and  Mifflintown 
quadrangles  is  based  on  a study  of  (1)  chemical  analyses  of  water  from  34 
wells,  as  listed  in  Table  10;  (2)  field  values  of  hardness  and  specific  con- 
ductance that  were  determined  at  more  than  300  wells,  iron  determined  at 
41  wells;  and  (3)  laboratory  determinations  of  nitrate  and  chloride  and 
field  determinations  of  bacterial  content  of  water  samples  collected  from 
22  wells  in  and  near  the  unsewered  communities  of  Landisburg,  Loysville, 
and  Ickesburg. 

Ground  water  in  the  Loysville  and  Mifflintown  quadrangles  generally 
is  of  good  chemical  quality.  The  water  commonly  contains  low  to  moderate 
amounts  of  dissolved  solids,  and — except  for  bothersome  concentrations  of 
iron,  hydrogen  sulfide  gas,  and  hardness  in  some  localities — contains  no 
constituents  that  significantly  impair  its  use  for  most  purposes.  Water  from 
calcareous  shales  and  limestones  of  Late  Silurian  and  Early  Ordovician 
age  generally  has  a dissolved-solids  content  of  200  to  300  mg/1  (milligrams 
per  liter)  and  is  usually  very  hard.  (See  Table  9 for  description  of  hardness.) 
W ater  from  the  predominantly  noncalcareous  shales,  siltstones,  and  sand- 
stones generally  has  a dissolved-solids  content  of  100  to  200  mg  1 and  is  soft 
to  moderately  hard. 

Alteration  of  the  natural  chemical  cjuality  of  ground  water  by  man  has 
been  minimal.  A few  wells  have  been  contaminated  by  gasoline  or  fuel  oil 
that  has  leaked  from  buried  storage  tanks.  Small  to  moderate  quantities 
of  nitrate,  chloride,  and  other  constituents  derived  from  sewage  have  been 
added  to  ground  water  in  the  vicinity  of  most  cesspools  and  septic-tank 
drain  fields.  Small  quantities  of  nitrate,  chloride  and  other  constituents 
have  been  added  to  the  ground  water  from  fertilizers  spread  on  croplands. 
Some  wells  are  known  to  be  bacterially  contaminated,  particularly  shallow 
hand  dug  wells,  but  no  widespread  problems  of  bacterial  contamination  are 
known  to  exist. 

A comparison  of  minimum,  median,  and  maximum  concentration  of 
chemical  constituents  in  water  from  predominantly  calcareous  and  non- 
calcareous rock  units  is  shown  in  Table  11.  These  data  indicate  that  the 
waters  from  different  aquifers  differ  mainly  in  the  amount  of  hardness- 
forming constituents  present.  The  median  calcium-magnesium  hardness 
(the  equivalent  of  total  hardness)  of  water  from  units  composed  predomi- 
nantly of  calcareous  shale  and  limestone  is  218  mg  1 is  compared  to  a 
median  of  only  72  mg'l  for  water  from  units  composed  predominantly  of 


Table  10.— Chemical  analyses  of  ground  water 
(Results  in  milligrams  per  liter,  except  as  indicated) 

A(iuifer:  Df.  I'ort  Little  on  Kormation,  Dr.  Rush  Formation;  Ds,  Sherman  Ridge  Formation;  Dmh,  Mahantango  Formation;  Dmm,  Marcellus  Formation.  Mahanoy  Member;  Dmt,  Marcellos  For- 
mation, Turkey  Ridge  Member;  Don.  Onondaga  Formation;  Sk,  Keyser  Formation;  Sto.  Tonoloway  Formation;  Swu,  Wills  Creek  Formation,  upper  member;  Swl,  Wills  Creek  Formation,  lower 
member;  Sb.  Bloomsburg  Formation;  Smm,  Mifflintown  Formation,  McKenzie  and  Rochester  Members,  undivided;  Or,  Reedsvillc  Formation;  Om,  Martinsburg  Formation. 
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. .noncalcarcous  shales,  sillstones,  and  sandstones.  The  highest  concentrations 
' of  iron  occur  generally  in  water  from  the  noncalcareous  rock  units,  as  is 
indicated  by  the  median  concentration  of  0.38  mg  1 iron  for  wells  in  these 
ijunits  and  the  median  of  only  0.09  mg  1 for  wells  in  the  calcareous  rock  units. 
5'Nitrate,  on  the  other  hand,  is  generally  highest  in  ground  water  from  cal- 
I carcous  rock  units.  The  median  nitrate  content  of  water  from  the  calcareous 
rocks  is  11  mg/1  compared  to  a median  of  only  1 mg/1  for  noncalcareous 
rock  units. 

Comparison  of  the  chemical  data  in  Table  11  with  recommended  limits 
for  selected  constituents  in  drinking  water  (U.S.  Public  Health  Service, 
1962)  indicates  that  iron  in  water  from  noncalcareous  rocks  is  the  only 
constituent  that  commonly  approaches  or  exceeds  the  recommended  limits. 
However,  nitrate  does  approach  or  exceed  the  recommended  limit  in  a few 
wells. 

SPECIFIC  CONDUCTANCE  AND  TOTAE  DISSOEVED  SOLIDS 

Specific  conductance  is  a measure  of  the  capacity  of  a material  to  conduct 
an  electric  current.  In  relatively  dilute  solutions,  such  as  the  shallow  ground 
water  in  the  study  area,  specific  conductance  is  proportional  to  the  concen- 
tration of  ionized  constituents.  Specific  conductance  may  be  used,  therefore, 
as  a means  of  rapidly  determining  the  approximate  dissolved-solids  content 
of  water  samples.  The  appro.ximate  dissolved-solids  content,  in  milligrams 
per  liter,  of  water  from  wells  in  the  Loysville  and  Mifflintown  quadrangles 
may  be  determined  by  multiplying  the  specific  conductance  values  by  0.58. 
A water  having  a specific  conductance  of  100  micromhos,  for  example, 
would  have  a dissolved-solids  content  of  about  58  mg  1. 

Specific  conductances  of  water  from  more  than  300  wells  are  summarized 
by  geologic  formation  and  member  in  Table  12  and  listed  for  individual 
wells  in  Table  6.  These  data  show  that  the  median  specific  conductances  of 
water  from  the  formations  and  members  composed  predominantly  of  non- 
calcareous rocks  (those  units  stratigraphically  below  the  Wills  Creek  Forma- 
tion and  stratigraphically  above  the  Onondaga  Formation)  range  between 
90  and  360  micromhos.  These  values  are  equivalent  to  about  50  and  210 
mg/1  of  dissolved  solids,  respectively.  The  median  specific  conductances  of 
water  from  units  composed  predominantly  of  calcareous  rocks  (those  units 
stratigraphically  between  and  including  the  Wills  Creek  and  Onondaga 
Formations)  range  between  170  and  550  micromhos.  These  values  are 
I equivalent  to  about  100  and  320  mg;  1 of  dissolved  solids,  respectively. 

The  lowest  specific  conductance  for  each  rock  unit  is  less  than  300  mi- 
cromhos, which  indicates  that  water  containing  less  than  175  mgT  total 
dissolved  solids  can  be  obtained  from  some  wells  in  each  formation. 

The  maximum  recommended  limit  for  dissolved  solids  in  drinking  water 
is  500  mg/1  (U.S.  Public  Health  Service,  1962)  which  is  eciuivalcnt  to  a 


Table  12.— Field  determinations  of  hardness  and  specific  conductance 
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2 Multiplying  these  values  by  17  gives  the  approximate  hardness  (as  CaCOj)  in  milligrams  per  liter.  Hardness  in  gpg  (grains  per  gallon)  may 
be  classified  approximately  as  follows:  soft,  1-3  gpg;  moderately  hard,  4-7  gpg;  hard,  8-11  gpg,  very  hard,  more  than  11  gpg. 

^ Multiplying  these  values  by  0.58  gives  the  approximate  concentration  of  dissolved  solids  in  milligrams  per  liter. 
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specific  conciuctance  of  about  860  micromhos.  Only  3 percent  of  the  water 
samples  examined  had  a specific  conductance  of  860  or  more,  and  most  of 
these  were  from  limestone  of  the  Tonoloway  Formation  or  from  the  cal- 
careous shale  of  the  Wills  Creek  Formation.  The  high  conductances  are 
caused  principally  by  the  presence  of  hardness-forming  constituents. 

Locally,  the  dissolved-solids  content  of  ground  water  undoubtedly  has 
been  increased  somewhat  above  natural  levels  as  a result  of  the  addition  of 
chemical  constituents  derived  from  sewage  effluent,  septic  tanks  and  cess- 
pools, fertilizers  spread  on  croplands,  and  other  man-made  sources  of  con- 
tamination. 


HARDNESS 

Field  determinations  of  hardness  of  water  from  321  wells  are  summarized 
by  geologic  formation  and  member  in  Table  12  and  listed  for  individual 
wells  in  Table  6.  The  determinations  were  made  in  grains  per  gallon  (gpg). 
They  may  be  converted  to  approximate  concentrations  of  hardness  in 
milligrams  per  liter  by  multiplying  them  by  a factor  of  17. 

Ground  water  from  the  predominantly  noncalcareous  rock  units  that 
lie  stratigraphically  below  the  Wills  Creek  Formation  and  above  the  Onon- 
daga Formation  is  generally  soft  (1  to  3 gpg)  to  moderately  hard  (4  to  7 gpg). 
Ground  water  from  the  calcareous  shales  and  limestones  that  dominate  the 
stratigraphic  interval  between  the  Wills  Creek  and  Onondaga  Formations  is 
generally  hard  (8  to  11  gpg)  to  very  hard  (more  than  11  gpg). 

Ground  water  has  a considerable  range  in  hardness  in  most  rock  units, 
particularly  those  composed  of  calcareous  shale  or  limestone.  Water  from 
wells  in  the  limestone  of  the  Tonoloway  Formation,  for  example,  ranged  in 
hardness  from  6 to  60  gpg.  The  range  in  hardness  values  shown  in  Tables 
10  and  12  indicates  that  soft  to  moderately  hard  water  is  obtainable  from 
each  formation. 

The  hardest  water  generally  occurs  in  the  calcareous  shales  and  lime- 
stones of  the  Wills  Creek,  Tonoloway,  and  Keyser  Formations.  Some  wells 
in  the  Wills  Creek  and  Tonoloway  Formations  yield  excessively  hard  water 
that  apparently  is  derived  from  beds  containing  gypsum  or  an  other  highly- 
soluble  sulfate  mineral.  For  example,  field  determinations  of  hardness  and 
sulfate  content  of  water  from  test  well  Ju-283,  which  was  drilled  in  the 
Tonoloway  Formation,  indicated  that  the  water  had  a hardness  of  60  gpg 
and  a sulfate  content  in  excess  of  800  mg/1. 

IRON  AND  MANGANESE 

Iron  and  manganese,  which  resemble  each  other  in  chemical  behavior, 
are  generally  present  in  ground  water  in  small  concentrations.  Even  in 
minor  concentrations,  however,  these  constituents  may  have  a marked 
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effect  on  the  utility  of  water.  Individual  or  combined  concentrations  of  iron 
and  manganese  in  excess  of  0.3  mg  1 may  cause  stains  on  plumbing  fixtures, 
cooking  utensils,  and  laundry;  concentrations  greater  than  1 mg/1  may  cause 
clogging  of  pumps,  water-distribution  systems,  and  plumbing  fixtures. 

Iron  was  reported  to  be  present  in  noticeable  or  bothersome  amounts  in 
many  of  the  rock  units  studied,  but  was  mosi  commonly  reported  to  be 
present  in  water  from  wells  in  the  noncalcareous  shales  and  sandstones. 
The  rock  units  for  which  the  most  reports  of  bothersome  amounts  of  iron 
were  received  include  the  Martinsburg  Formation  (shale  and  siltstone),  the 
Turkey  Ridge  Member  of  the  Marcellus  Formation  (sandstone),  and  the 
Mahantango  Formation  (interbedded  sandstone,  siltstone,  and  shale). 

Analyses  for  iron  are  available  for  water  from  72  wells.  Forty-one  of  the 
analyses  were  determined  in  the  field  during  this  study  and  15  of  them  were 
for  wells  in  the  Martinsburg  Formation.  The  concentration  of  iron  in  the 
combined  population  of  laboratory  and  field  determinations  ranges  from 
0.01  to  2.6  ingT. 

Iron  in  28  samples  of  water  from  the  predominantly  calcareous  rocks, 
comprising  the  stratigraphic  interval  between,  and  including,  the  Wills 
Creek  and  Onondaga  Formations,  ranged  from  0.01  to  0.8  mg  1 and  the 
median  concentration  was  0.1  mg  1.  The  limit  of  0.3  mg  1 recommended 
for  drinking  water  was  exceeded  in  8 (29  percent)  of  the  samples. 

Iron  in  44  samples  of  water  from  the  predominantly  noncalcareous  rocks, 
lying  stratigraphically  below  the  Wills  Creek  Formation  and  above  the 
Onondaga  Formation,  ranged  from  0.05  to  2.6  ingT  and  the  median  was 
0.4  mg/1.  Iron  exceeded  0.3  mg T in  25  (57  percent)  of  the  samples,  13  of 
which  were  from  the  Martinsburg  Formation. 

The  iron  concentrations  present  in  ground  water  from  the  Loysville  and 
Mifflintown  quadrangles  are  not  excessive  and  may  be  removed  by  treat- 
ment at  a reasonably  low  cost. 

Manganese  ranges  from  0.00  to  0.52  mg  1 in  22  samples  for  which  this 
constituent  was  determined.  None  of  the  10  samples  from  calcareous  rock 
units  yielded  water  containing  more  than  0.05  mg/1,  the  limit  recommended 
for  drinking  water  by  the  FbS.  Public  Health  Service  (1962).  Six  of  the  12 
samples  of  ground  water  from  the  predominantly  noncalcareous  rock  units 
contained  managanese  in  excess  of  this  amount. 

HYDROGEN  SULFIDE 

The  “rotten  egg”  odor  of  hydrogen  sulfide  gas  was  reported  to  be  present 
in  water  from  sc'/eral  wells  that  penetrate  shales  of  the  Martinsburg  and 
Reedsville  Formations,  and  from  shales  of  the  Marcellus,  Sherman  Ridge, 
Mahantango,  Rush,  and  Fort  Littleton  Eormations.  No  measurements  were 
made  for  this  constituent,  but  a strong  odor  may  result  from  concentrations 
of  less  than  one  part  per  million.  Hydrogen  sulfide  is  distasteful  but  harmless 
in  drinking  water,  and  waters  containing  it  are  generally  slightly  acidic. 
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NITRATE  AND  CHLORIDE 

Concentrations  of  nitrate  and  chloride  present  in  ground  water  that  has 
remained  unaffected  by  human  activities  are  generally  low  and  have  little 
affect  on  the  utility  of  the  water  for  most  purposes.  In  humid  areas,  con- 
centrations of  these  two  constituents  in  ground  water  generally  are  less  than 
10  mg/1. 

Several  of  the  wells  sampled  for  this  study  are  near  septic  tanks,  cesspools, 
barnyards,  or  heavily  fertilized  fields,  which  constitute  a man-made  source 
of  nitrate  and  chloride  in  ground  water.  As  a result,  the  concentrations  of 
these  constituents  may  be  higher  than  natural  levels.  The  median  concentra- 
tions of  nitrate  and  chloride  shown  for  ground  water  from  predominantly 
calcareous  and  noncalcareous  rock  units  (see  Table  11)  are  probably  fairly 
representative  of  the  average  concentrations  present  in  ground  water  through- 
out most  of  the  study  area.  The  median  chloride  content  of  ground  water  is 
less  than  5 mg/1  in  both  groups  of  rocks.  The  median  concentration  of 
nitrate  is  11  mg/1  in  ground  water  from  the  calcareous  rock  units,  but  is  only 
1.0  mg/1  in  ground  water  from  noncalcareous  rock  units.  The  higher  median 
concentration  for  nitrate  in  water  from  calcareous  rock  units  may  be  due  in 
part  to  extensive  fertilization  of  the  intensively  cultivated  soils  overlying 
these  rock  units. 

The  contents  of  nitrate  and  chloride  was  determined  for  ground-water 
samples  from  22  wells  located  in  or  near  the  communities  of  Landisburg, 
Loysville,  and  Ickesburg  in  the  Loysville  quadrangle.  As  these  communities 
have  been  served  by  individual  wells  and  on-lot  sewage-disposal  systems  for 
many  years,  the  concentrations  determined  (see  Table  13)  give  some  idea 
of  the  magnitude  of  buildup  of  these  two  constituents  that  can  be  expected 
to  occur  over  long  periods  of  time  in  other  unsewered  communities  in  and 
near  the  study  area.  The  median  values  for  both  nitrate  and  chloride  is  22 
mg/1,  which  is  below  the  maximum  limits  of  45  and  250  mg/1,  respectively, 
recommended  for  drinking  water  by  the  U.S.  Public  Health  Service.  Al- 
though concentrations  varyed  widely,  only  two  of  the  samples  contained 
nitrate  in  excess  of  recommended  limits.  Nitrate  concentrations  range  from 
1.2  to  116  mg/1;  chloride  concentrations  ranged  from  3.0  to  124  mg/1.  Both 
of  the  samples  containing  excessive  nitrate  were  from  shallow,  hand-dug 
wells  in  the  community  of  Landisburg.  One  of  these  wells  (Pe-549),  which 
yielded  water  containing  70  mg/1  nitrate,  is  only  50  feet  from  a drilled  well 
(Pe-107)  that  yielded  water  containing  only  30  mg/1  nitrate.  The  drilled 
well  is  130  feet  deep  and  is  cased  and  grouted  to  a depth  of  53  feet. 

The  presence  in  ground  water  supplies  of  nitrate  and  chloride  derived 
from  sewage  does  not  necessarily  indicate  that  the  water  contains  bacterial 
organisms  derived  from  the  same  source.  Bacterial  organisms  may  be  filtered 
from  sewage  effluent  as  it  percolates  for  short  distances  through  soil  and 
rock,  whereas  chloride  and  nitrate  generally  persist  and  are  diminished 
mainly  by  dilution. 


Specific  Bacterialogical  quality 

Casing  Water  level  conductance  Hardness  

Type  of  Well  depth  depth (micromhos  (grains  Nitrate  Chloride  Size  of  Number  of  Coliform 

Well  number  well  (feet)  (feet)  Date  Depth  Date  sampled  at  25®  C)  per  gallon)  (mg/I)  (mg/I)  sample  coliform  per  100  ml 
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i 


I ALKYL  BENZENE  SULFONATE  (ABS) 

i 

Alkyl  benzene  sulfonate  is  a synthetic  organic  chemical  used  in  household 
t detergents.  In  areas  where  sewage  is  discharged  into  the  ground  by  means 
f of  septic  tanks  and  cesspools,  considerable  quantities  of  this  constituent  may 
1'  be  introduced  into  the  ground-water  reservoir.  The  presence  of  small  amounts 
I of  ABS  in  drinking  water  causes  no  toxic  effects  in  humans,  but  concentra- 
t.  tions  of  more  than  0.5  mg/1  may  cause  an  undesirable  taste,  frothing,  and 
ti  may  signal  the  presence  of  bacterial  pollution.  No  tests  were  made  for  ABS. 
I However,  since  none  of  the  wells  inventoried  was  reported  to  yield  water 
that  frothed  noticeably,  it  is  likely  that  ABS,  where  present,  occurs  in 
amounts  of  less  than  0.5  mg/l. 


WATER  QUALITY  PROBLEMS 

; Water  quality  problems  in  the  Loysville  and  Mifflintown  quadrangles 
I generally  are  confined  to  individual  wells,  and  in  most  instances  may  be 
t corrected  either  by  treatment  of  the  water  or  by  improving  the  construction 
of  the  well.  Troublesome  or  bothersome  constituents  most  commonly  re- 
^ ported  to  be  present  in  ground-water  supplies  include  iron,  hydrogen  sul- 
Ir  fide,  hardness,  bacterial  organisms  from  sewage,  and  petroleum  products 
derived  from  buried  storage  tanks. 

Excessive  iron,  hydrogen  sulfide,  and  hardness  in  water  from  existing 
wells  generally  may  be  eliminated  or  reduced  only  by  treating  the  water. 
During  the  construction  of  new  wells,  how'ever,  it  may  be  possible  to  locate 
and  case  off  zones  that  yield  water  of  poor  quality.  Identification  of  the 
1 offending  yielding  zone,  or  zones,  may  be  accomplished  by  frequent  sampling 
1 of  the  well  discharge  as  a well  is  being  deepened.  For  example,  during  the 
' construction  of  test  well  Ju-283,  the  hardness  of  the  water  at  a depth  of  136 
feet  was  64  grains  per  gallon  (approximately  1,090  mg  1);  at  a depth  of  200 
feet  the  hardness  had  decreased  to  32  gpg,  approximately  545  mg  1,  indicat- 
ing that  water  of  considerably  better  quality  enters  the  well  below  a depth 
of  136  feet.  Casing  this  well  to  a depth  of  136  feet  would  reduce  the  yield 
substantially  but  would  greatly  improve  the  quality  of  the  water. 

Most  instances  of  contamination  of  well  supplies  by  petroleum  products 
were  caused  by  leakage  of  fuel  oil  or  gasoline  from  buried  storage  tanks. 
Although  most  such  leaks  have  been  stopped,  gasoline  or  fuel  oil  has  con- 
tinued to  seep  to  some  nearby  wells  for  several  years.  Well  Pe-212  in  the  com- 
munity of  Eandisburg,  for  example,  was  reported  to  have  l^een  contaminated 
in  1954  by  gasoline  that  leaked  from  a buried  tank  about  70  feet  away.  The 
■ well,  which  is  107  feet  deep  and  contains  an  unknown  amount  of  casing,  still 
smelled  strongly  of  gasoline  in  1967.  A new  well  (Pe-171)  drilled  about  120 
feet  from  the  buried  tank  and  about  50  feet  from  Pe-212,  yields  water  free 
of  gasoline.  The  new  well  is  cased  to  a depth  of  41  feet.  Casing  in  well  Pe-212 
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is  highly  corroded  and  probably  leaks.  Because  petroleum  products  float  on  i I 
the  water  table,  deep  casing  generally  will  eliminate  them  from  a well  supply  1 \ 
so  long  as  the  water  level  in  the  well  is  not  drawn  down  below  the  bottom  ‘ 
of  the  casing  for  prolonged  periods.  ; 

Bacterial  Contamination  Of  Wells  i 

Bacterial  contamination  of  well  water  is  possible  in  any  area  where  sewage  [i| 
is  discharged  into  the  ground  near  a well.  The  possibility  of  contamination  f 
is  especially  great,  however,  in  communities  of  closely  spaced  homes  that  l' 
have  on-lot  disposal  systems.  The  close  spacing  of  septic-tank  leach  fields,  'i 
cesspools,  or  other  disposal  systems,  and  the  unavoidable  placement  of  some  h' 
wells  on  the  downslope  from  sewage-disposal  systems  on  adjacent  lots,  may  | ' 
result  in  bacterial  contamination  of  ground  water  at  shallow  depths  around  ' ' 
many  drilled  wells.  These  wells  may  become  contaminated  if  they  contain  i | 
too  little  casing,  or  if  the  annular  opening  around  the  exterior  of  the  casing  , 
is  not  tightly  sealed.  I 

Other  conditions,  of  course,  may  be  responsible  for  the  bacterial  con-  ; 
tamination  of  a drilled  well.  Contaminated  water  may  enter  a faultily  ! 
constructed  well,  move  downward  to  a deep  water-bearing  zone,  and  then  j 
move  laterally  through  fractures  to  a nearby  well  that  is  otherwise  ade-  \ 
quately  cased  and  sealed.  Introduction  of  sewage  wastes  to  the  bedrock,  i j 
either  where  bedrock  is  close  to  land  surface  or  where  it  is  penetrated  by  deep  ' 
cesspools,  may  result  in  the  condition  where  the  sewage  effluent  receives 
too  little  filtration  and  decomposition  to  remove  all  bacterial  organisms 
before  it  reaches  a nearby  well. 

Dug  wells  and  springs  in  areas  of  closely  spaced  homes  are  highly  suscepti-  i 
ble  to  bacterial  contamination.  Their  use  for  drinking  and  culinary  supplies 
should  be  avoided,  unless  periodic  examination  has  shown  them  to  be  free 
of  sewage-derived  bacteria.  All  well  supplies,  of  course,  should  be  tested 
periodically  for  bacterial  content. 

Water  samples  from  22  wells  were  tested  for  coliform  bacteria,  nitrate,  j 
and  chloride  during  the  fall  of  1966.  Twelve  of  the  wells  were  retested  for  ■ 
bacteria  during  the  spring  of  1967.  Results  of  the  tests  are  given  in  Table  13. 

Four  of  the  wells  sampled  are  hand-dug  wells  that  range  from  18  to  22  > 
feet  in  depth.  The  other  18  wells  are  drilled  and  range  from  43  to  211  feet  ; 
in  depth.  These  wells  are  cased  to  depths  ranging  from  18  to  68  feet.  All  of 
the  wells  sampled  are  in  or  near  the  unsewered  communities  of  Loysville,  I 
Landisburg,  and  Ickesburg. 

Tests  for  coliform  organisms  were  made  by  the  membrane  filter  technique,  i 
A sample  was  considered  to  be  contaminated  if  it  contained  more  than  2.2  i 
coliform  organisms  per  100  milliliters.  No  published  standards  are  available  i 
that  give  the  acceptable  level  of  coliform  bacteria  in  drinking  water  from 
domestic  wells,  on  the  basis  of  the  analysis  of  single  samples.  However,  the 
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Pennsylvania  Department  of  Health  considers  water  from  domestic  wells  to 
be  unsafe  for  drinking  if  more  than  2.2  coliform  bacteria  per  100  milliliters 
are  present  in  two  consecutive  samples. 

Water  samples  from  the  four  dug  wells  were  grossly  contaminated  by 
coliform  bacteria,  suggesting  that  ground  water  at  shallow  depths  in  these 
communities  may  be  generally  contaminated.  Eight  of  the  drilled  wells  also 
were  contaminated.  Casing  depths  in  seven  of  these  drilled  wells  ranged  from 
18  to  49  feet  and  the  median  depth  was  39  feet.  The  annular  space  around 
the  most  deeply-cased  contaminated  well  was  grouted  with  cement.  Casing 
depths  in  the  10  uncontaminated  wells  ranged  from  28  to  68  feet  and  the 
median  depth  was  49  feet. 

Results  of  tests  of  two  wells,  which  are  spaced  only  a short  distance  apart 
in  the  community  of  Landisburg,  illustrate  the  effectiveness  of  adequate  casing 
and  a tight  casing  seal  in  preventing  bacterial  contamination  of  a well  supply. 
Well  Pe-107  is  130  feet  deep,  is  cased  and  grouted  with  cement  to  a depth 
of  53  feet,  and  had  a static  water  level  35  feet  below  land  surface  in  Decem- 
ber, 1963.  Approximately  40  feet  away,  at  about  the  same  altitude,  is  well 
Pe-459,  which  is  dug  to  a depth  of  18  feet  and  in  which  the  static  water  level 
was  6 feet  below  land  surface  in  October,  1966.  The  water  levels,  although 
measured  during  different  years,  were  measured  during  the  same  season  and, 
thus,  would  indicate  a general  difference  in  head  of  about  30  feet,  between 
the  two  wells.  The  large  difference  in  head  that  exists  between  the  two  wells 
would  cause  shallow  ground  water  to  flow  into  the  drilled  well  if  its  casing 
were  too  short  or  if  the  casing  seal  leaked.  Bacteriological  tests  of  water  from 
the  two  wells,  on  two  occasions,  showed  that  the  water  in  the  dug  well  was 
grossly  contaminated,  but  no  bacterial  organisms  were  present  in  water  from 
the  drilled  well.  This  situation  indicates  that  no  direct  inflow  occurs  around 
the  casing  of  the  drilled  well.  The  relatively  high  nitrate  content  of  30  mg/1 
in  water  from  the  drilled  well  does  indicate,  however,  that  the  chemical 
quality  of  the  ground  water  is  affected  by  the  disposal  of  sewage  into  the 
ground  nearby. 

Data  from  this  study  are  insufficient  to  establish  the  minimum  casing 
length  necessary  to  prevent  bacterial  contamination  of  a well.  In  some 
instances,  contamination  may  be  unpreventable  unless  nearby  wells  are 
properly  cased  and  sealed.  In  areas  of  closely  spaced  homes,  it  appears 
advisable  to  case  and  grout  wells  to  a depth  of  at  least  50  feet. 

WATER  USE 

Development  of  both  ground-  and  surface-water  resources  has  been  minor 
in  the  Loysville  and  Mifflintown  quadrangles.  Most  water  is  used  for  resi- 
dential or  farm  needs.  Very  little  water  is  used  for  irrigation,  and  much  of 
the  water  used  by  commerce  and  industry  is  used  for  sanitary  purposes. 
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Only  five  communities — Mifflin,  Mifflintown,  McAlisterville,  McClure, 
and  Port  Royal — are  served  by  public  distribution  systems.  The  amount  of 
water  distributed  in  1964  by  the  four  water-supply  facilities  that  serve  these 
communities  is  shown  in  Table  14.  Approximately  27  percent  of  the  water 
distributed  was  obtained  from  wells;  the  remainder  was  obtained  from 
streams  and  springs.  The  Mifflintown  Municipal  Authority  obtained  its 
entire  supply  from  reservoirs  on  Licking  Creek  and  Macedonia  Run.  The 
other  facilities  obtained  their  water  from  wells  and  springs. 

Average  daily  usage  during  1964  amounted  to  0.19  mgd  (million  gallons 
per  day),  which  for  the  6,200  people  served  is  equivalent  to  a per  capita 
use  of  about  30  gallons  per  day.  This  relatively  low  value  reflects  the  domi- 
nant use  of  the  water  for  residential  needs.  The  national  average  usage  of 
water  in  areas  served  by  public  water-supply  systems  was  151  gallons  per 
day  per  person  in  1960  (MacKichan  and  Kammerer,  1961,  p.  4). 

Most  users  that  are  not  on  public-supply  systems  obtain  their  water 
from  drilled  wells,  although  a few  supplies  are  obtained  from  springs  and 
shallow  hand-dug  wells. 

The  communities  of  Mifflin,  Mifflintown,  and  Port  Royal  are  served  by 
sewer  systems.  Water  supplied  to  these  areas  from  streams,  springs,  or  wells 
is  used,  treated,  and  discharged  into  the  Juniata  River.  Elsewhere  in  the 
study  area,  much  of  the  water  pumped  from  wells  and  springs  is  used  and 
returned  to  the  ground-water  reservoir  by  means  of  septic  tanks  or  cesspools. 
This  water  is  partially  reconditioned  by  the  soil  and  rock  through  which  it 
moves  before  it  becomes  available  for  reuse. 

CONCLUSIONS 

The  ultimate  source  of  all  ground  and  surface  water  in  the  Loysville 
and  Mifflintown  quadrangles  is  precipitation,  which  ranges  from  26  to 
62  inches  annually  and  averages  about  41  inches  annually.  Simple  water 
budgets  computed  for  four  drainage  basins  that  include  parts  of  the  study 
area  indicate  that  54  to  60  percent  of  the  average  annual  precipitation  is 
consumed  by  evaporation  and  plant  transpiration.  Part  of  the  remainder 
flows  over  the  land  surface  to  nearby  streams,  and  part  of  it  infiltrates  to  the 
water  table  and  flows  very  slowly  to  streams  through  fractures  in  the  bedrock. 
Ground  water  discharge  to  a stream  that  drains  a 15-square  mile  area  in 
the  Loysville  quadrangle  accounted  for  58  percent  of  the  average  annual 
flow  over  an  11-year  period. 

Despite  the  proportionately  large  ground-water  contribution  to  stream- 
flow,  low  specific  capacities  of  wells  and  low  reported  yields  of  wells  in  all 
rock  units  indicate  that  the  permeability  of  the  bedrock  is  relatively  low. 

The  ground-water  reservoir  in  the  study  area  consists  of  the  saturated 
parts  of  the  saprolite  and  zone  of  open  fractures  in  the  bedrock.  The  saprolite 


Table  14.— Water  distributed  by  public-supply  systems  during  1964 
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has  an  average  thickness  of  about  35  feet  on  hillsides  and  hilltops  and  about 
20  feet  in  valleys.  It  has  low  permeability  but  relatively  high  porosity,  and, 
where  saturated,  it  comprises  an  important  storage  reservoir  that  supplies 
water  to  fractures  in  the  underlying  bedrock.  Its  saturated  thickness  varies 
seasonally,  ranging  from  0 to  5 feet  on  hillsides  and  5 to  10  feet  in  valleys. 
The  fractures  in  the  bedrock  function  primarily  as  conduits  that  transmit 
water  from  areas  of  recharge  to  areas  or  points  of  discharge. 

Joints  are  abundant  in  surficial  exposures  of  bedrock,  but  the  size  and 
frequency  of  openings  apparently  decrease  rather  abruptly  at  shallow  depth. 
Wells  typically  penetrate  only  two  or  three  low-yielding,  narrow,  water- 
bearing zones  in  the  upper  100  feet  of  bedrock.  Reported-yield,  specific- 
capacity,  and  borehole-flow  data  from  a few  relatively  deep  wells  indicate 
that  most  of  the  principal  water-bearing  openings  occur  above  a depth  of 
200  feet. 

Most  of  the  wells  inventoried  are  believed  to  penetrate  only  part  of  the 
zone  of  open  fractures  in  the  bedrock.  However,  it  is  believed  that  the  specific 
capacity  and  yield  of  most  existing  wells  would  show  only  a moderate  in- 
crease if  the  wells  were  drilled  considerably  deeper.  These  wells  are  con- 
sidered to  have  specific  capacities  and  yields  that  are  fairly  representative 
of  the  upper  100  feet  of  bedrock.  As  most  of  the  principal  water-bearing 
openings  apparently  occur  above  a depth  of  200  feet,  and  because  fracture 
permeability  decreases  at  depth,  it  is  considered  unlikely  that  existing  short- 
term specific  capacities  and  yields  could  be  more  than  doubled. 

Yields  reported  for  more  than  500  wells  range  from  less  than  1 to  275 
gpm  and  the  median  yield  is  12  gpm.  Short-term  specific  capacities  range 
from  less  than  0.1  gpm  per  ft  to  62  gpm  per  ft  and  the  median  value  is  0.55 
gpm  per  ft. 

Analysis  of  short-term  specific-capacity  data  on  frequency  graphs  shows 
that  a considerable  range  in  values  can  be  expected  from  wells  drilled  in  any 
rock  type  or  topographic  position.  Nevertheless,  for  any  given  frequency  of 
occurrence,  specific  capacities  of  wells  drilled  in  limestone  and  calcareous 
shale  are  about  double  those  of  wells  drilled  in  non-calcareous  sandstones 
and  shales.  Similarly,  in  a given  rock  type,  the  specific  capacities  of  wells 
drilled  in  valleys  are  about  double  those  of  wells  drilled  on  hilltops  and 
hillsides. 

Yields  adequate  for  domestic  needs  are  obtainable  nearly  everywhere 
in  the  study  area,  generally  from  wells  that  are  less  than  150  feet  deep.  Some- 
what deeper  wells  may  be  required,  however,  on  hillsides  and  hilltops  under- 
lain by  calcareous  rock  types. 

Rock  units  considered  to  have  good  yielding  potential  to  wells  are  the 
calcareous  shales  and  limestones  of  Late  Silurian  and  Early  Devonian  age. 
Included  in  this  category  are  the  Wills  Creek,  Tonoloway,  Keyser,  Oriskany, 
Helderberg,  Old  Port,  and  Onondaga  Formations.  Of  these,  the  Wills  Creek 
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- and  Tonoloway  Formations  are  the  most  important,  because  they  underlie 
more  valley  area  than  the  other  formations. 

Rock  units  considered  to  have  fair  yielding  potential  to  wells  include  most 
la  of  the  noncalcareous  shales  and  sandstones  that  do  not  underlie  the  steep 
" slopes  and  crests  of  mountains  and  principal  ridges.  Units  included  in  this 
in  category  are  the  Martinsburg,  Reedsville,  and  Bloomsburg  Formations; 
the  Shamokin  and  Mahanoy  members  of  the  Marcellus  Formation;  and  the 
Sherman  Ridge,  Rush,  Fort  Littleton,  and  Catskill  Formations. 

Rock  units  considered  to  have  poor  yielding  potential  consist  chiefly  of 
the  noncalcareous  sandstones  and  shales  that  underlie  the  crests  and  steep 
■ slopes  of  mountains  and  ridges.  Included  in  this  category  are  the  Bald 
t Eagle,  Juniata,  Rose  Hill,  and  Mifflintown  Formations;  the  Turkey  Ridge 
1 Member  of  the  Marcellus  Formation;  and  the  Montebello  Formation. 

The  exceptionally  high  specific  capacity  of  62  gpm  per  ft  obtained  for  a 
' test  well  drilled  on  a fracture  trace  in  limestone  supports  conclusions  drawn 
: from  a study  in  a nearby  area  that  fracture  traces  mark  zones  of  above- 
average  permeability  in  carbonate  rock  units.  The  potential  of  fracture 
traces  as  a tool  for  prospecting  for  ground  water  appears  to  be  great,  but 
much  additional  evidence  is  required  to  fully  evaluate  their  hydrologic 
significance.  Especially  needed  are  data  regarding  the  yields  of  wells  drilled 
on  fracture  traces  in  noncarbonate  rocks. 

Comparison  of  two  dominant  trends  of  fracture  traces  with  two  dominant 
trends  of  joints  in  the  Loysville  quadrangle  shows  that  a northwest-trending 
joint  set  coincides  approximately  with  a northwest-trending  fracture  trace 
set.  However,  a north-trending  set  of  fracture  traces  has  no  corresponding 
I joint  set,  indicating  that  these  features  are  not  necessarily  joint-controlled, 
i as  has  been  assumed  in  some  areas.  Joints  trend  dominantly  N 50°-60°  E and 
N 20°-40°  W;  fracture  traces  trend  dominantly  N 0°-10°  E and  N 20°-30°  W. 

Ground  water  from  all  rock  units  in  the  Loysville  and  Mifflintown  quad- 
'!  rangles  is  generally  of  good  chemical  quality.  Water  from  calcareous  shales 
and  limestones  generally  has  a dissolved  solids  content  of  200  to  300  mg/1 
and  is  generally  hard  to  very  hard.  Water  from  the  non-calcareous  shales 
and  sandstones  generally  has  a total  dissolved  solids  content  of  100  to  200 
mg/1  and  is  generally  soft  to  moderately  hard. 

High  concentrations  of  sulfate  are  present  locally  in  water  from  the  Wills 
' Creek  and  Tonoloway  Formations,  and  iron  is  troublesome  locally  in  non- 
j calcareous  shales  and  sandstones.  Reports  of  high  concentrations  of  iron 
are  most  common  from  wells  tapping  black  shales  of  the  Martinsburg, 

{ Reedsville  and  Marcellus  Formations  and  from  wells  in  the  interbedded 
; sandstones  and  shales  of  the  Mahantango  Formation.  Hydrogen  sulfide  gas 
is  also  present  in  noticable  amounts  in  some  wells  in  these  units. 

[ Conditions  that  may  lead  to  bacterial  contamination  of  wells  exist  in 
many  areas.  In  areas  of  closely  spaced  homes  served  by  on-lot  sewage- 
disposal  systems,  shallow  ground  water  around  many  drilled  wells  is  bac- 
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terially  contaminated.  If  the  wells  contain  too  little  casing,  or  if  the  casing 
is  inadequately  sealed,  natural  hydraulic  gradients  may  cause  bacterially 
contaminated  water  to  flow  into  the  well.  Even  where  a well  is  adequately 
constructed,  pollution  may  result  from  polluted  water  that  has  entered  the 
ground  through  a faultily  constructed  well  nearby. 
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